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Abstract 
This report examines the impacts of current and future demands on water supplies for the 
Kankakee Watershed Water Supply Planning Subregion (WSPR) in northeastern Illinois, an area 
comprising most of Kankakee and Iroquois Counties and portions of Ford, Will, Vermilion, and 
Grundy Counties that intersects the Kankakee River watershed boundary. 
Initial water demand scenarios were developed for a three-county region (Ford, Iroquois, 
and Kankakee) out to 2060 for five major water sectors, including thermoelectric power 
generation, public supply, self-supplied domestic, self-supplied industrial and commercial (IC), 
and self-supplied irrigation, livestock, and environmental (ILE), and are described in a 
companion report (Meyer et al., 2019). Total water usage in 2010 was estimated to be 39 million 
gallons per day (mgd), with two sectors, public supply and ILE, accounting for more than 80 
percent of the demand in the region. Most of the ILE demand was for crop irrigation. Self-
supplied IC accounted for 13 percent and the domestic sector 6 percent of the usage.  
Significant water resources are available to meet demands in the Kankakee WSPR, 
including both groundwater and surface water. Two major aquifer systems occur in the region: 
(1) productive sand and gravel aquifers, primarily in the south where the Mahomet Aquifer is 
encountered; and (2) weathered Silurian-Devonian dolomite, which is the most productive 
aquifer system in the region. Both the dolomite and Mahomet Aquifers are overlain by clay over 
most of the watershed, limiting leakage from shallower sources. The deeper Cambrian-
Ordovician sandstones are generally too saline in this area to use as a water supply, although 
they are heavily used just outside of the watershed boundary in Will, Kendall, and Grundy 
Counties.  
Although the aquifers are generally thought to be adequate to meet most expected future 
demands, there are some sensitive areas that should be monitored closely. The most important 
area appears to be southeastern Kankakee and northeastern Iroquois Counties, where demands 
for irrigation water are highest on account of sandy soils. These demands are met from the 
dolomite aquifers and have been shown to result in dewatering of the dolomite during the 
irrigation season. 
Water quality in the Silurian-Devonian dolomite aquifer system is generally good. At a 
few locations, nitrate and chloride concentrations are elevated, but at concentrations below their 
respective drinking water standards. Water moves relatively rapidly from land surface into the 
Silurian-Devonian dolomite aquifer where it is near land surface, especially in the northern half 
of the region; aquifer protection activities should be a priority in these areas.  
The primary surface water sources in the Kankakee WSPR are the Kankakee and 
Iroquois Rivers. Currently there are four entities withdrawing water from the Kankakee River in 
the planning region: Aqua Illinois-Kankakee Division, which supplies the city of Kankakee, the 
city of Wilmington, Exelon Dresden Station, and Exelon Braidwood Generation Station. 
Although the Kankakee River has reliable water for meeting current power generation 
and public water supply needs, the cooling water withdrawals from the river could be limited on 
account of protected minimum flows and water temperature criteria. Therefore, both Dresden 
and Braidwood plants have a considerable storage capacity in their cooling ponds to buffer the 
impact of the minimum flow restriction. With increasing water demand and potential climate 
change, the frequency and duration of the minimum flow restriction may be increased in the 
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future. Both power plants using the Kankakee River for cooling water may rely on storage water 
more frequently. 
Water demand from within the watershed is not expected to increase dramatically in the 
future. However, large portions of Will County are at risk to dewatering of the Cambrian-
Ordovician sandstone aquifers. As a result, communities within these at-risk areas are seeking 
alternate water supplies in anticipation of these impacts. One possible option is the Kankakee 
River. As part of the process of exploring alternative supplies, both Joliet and Godley have 
requested withdrawing a large amount of water from the lower reach of the Kankakee River. The 
communities served by this water lie primarily outside of the watershed, so both withdrawal and 
consumptive use of Kankakee River water could increase substantially. Unlike within the 
watershed, water demand for these communities outside of the watershed is expected to increase. 
Another unknown is how water demand will be met in the future by industries along the Des 
Plaines River. Many of these industries also rely on the at-risk sandstone aquifers, so the long-
term viability of their sandstone wells is contingent on decisions by communities. 
The major concern with increasing water demand on the Kankakee River is the minimum 
flow restriction and how to supplement the river water when it is not available during drought 
conditions, especially when the water is diverted out of the watershed, as the wastewater may not 
be returned to the river. Other backup supplies are of limited availability in areas of sandstone 
risk, as currently the sandstone aquifers are likely to be the only viable backup option; however, 
there are questions about its viability under increasing demand. Off-channel storages and/or 
abandoned storage pits could also be explored to provide additional backup supply. 
As a result, conjunctive water management that accounts for impacts on both river and 
groundwater supplies will be essential moving forward. Water users within the Kankakee River 
watershed should be cognizant of this potential future demand on the river. Available flow on the 
Kankakee River during low-flow periods may be contingent on whether the communities in Will 
County also tap into it as a water supply, so water planners currently using or anticipating growth 
in use of the Kankakee River water should stay informed on planning decisions outside of the 
region. Sandstone users considering using the Kankakee River as a backup supply are also 
currently working with the ISWS to evaluate the viability of the Kankakee River as a backup 
supply under low-flow scenarios on the Kankakee River. This is critically important because of 
the rapid response of the sandstone aquifer when demands change.  
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1 Introduction 
Water is an essential part of all life. The availability and sustainability of an adequate and 
dependable water supply is essential for our public, environmental, and economic health. This 
important understanding led to the initiation, under the direction of Executive Order 2006-01 
from the Governor of Illinois, of a program for comprehensive regional water supply planning 
and management in Illinois. Under the framework of the order, the Illinois Department of 
Natural Resources’ Office of Water Resources (IDNR-OWR) directs this effort. The Illinois 
State Water Survey (ISWS) and Illinois State Geological Survey (ISGS), both within the 
University of Illinois’ Prairie Research Institute, are responsible for quantifying the available 
water supply, which includes collecting and interpreting the scientific data and developing water 
supply computer models. The state is divided into 10 water supply planning areas (Figure 1), and 
regional water supply planning has been completed for four of these: (1) Northeastern Illinois 
(Chicago Metropolitan Agency for Planning, 2010; Meyer et al., 2012); (2) East-Central Illinois 
(East-Central Illinois Regional Water Supply Planning Committee, 2009, 2015; Roadcap et al., 
2011); (3) the Kaskaskia River Region (Kaskaskia Basin Water Supply Planning Committee, 
2012, Knapp, 2012); and (4) the Middle Illinois Region (Kelly et al., 2018).  
This report focuses on the technical aspects of water supply assessment for the Kankakee 
Watershed Water Supply Planning Subregion (WSPR) in northeastern Illinois, an area 
comprising most of Kankakee and Iroquois Counties and portions of Ford, Will, Vermilion, and 
Grundy Counties that intersects the Kankakee watershed boundary (Figure 1). The results of our 
scientific analyses are intended to highlight the opportunities and challenges ahead for meeting 
future water demand in the Kankakee Watershed WSPR. 
 Stakeholder water supply planning committees have been created in most priority 
planning area and are tasked with developing regional water supply planning and management 
recommendations in accordance with existing laws, regulations, and property rights. At the time 
of writing this report, a Kankakee Regional Water Supply Planning Committee (RWSPC) has 
not been formed. The ISWS and ISGS, along with the IDNR-OWR, are responsible for 
providing technical support to the RWSPC and updating and expanding regional water resource 
information. 
 Each RWSPC is charged with developing a regional water supply plan that clearly 
describes water supply and demand issues of the region under study. IDNR-OWR suggested that 
the regional plans address at least the following principal components:  
• Descriptions of the sources of water available to the region;  
• Plausible estimates of how much water may be needed to the year 2060;  
• Estimates of the impacts of withdrawing sufficient water to meet demand; and  
• Descriptions of options for providing additional sources of water and decreasing demand.  
 
The ISWS was assigned the responsibility of developing initial water demand scenarios 
to 2060, with the Kankakee RWSPC reviewing and adjusting the scenarios using local 
knowledge. A draft water demand report was developed in 2015. Unfortunately, because of state 
funding shortfalls, a Kankakee RWSPC was not formed during the development of these 
scenarios, and to date, has been unable to review the water demand report. As a result, the water 
demand report remains in provisional form (Meyer et al., 2019). In addition, this water supply 
report should be considered provisional until a Kankakee RWSPC is able to form and provide 
input on the water demand scenarios that are required input data for our models. 
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This report presents a summary of (1) the technical information assembled to describe 
existing water availability and sources of supply within the Kankakee Watershed WSPR; and (2) 
the results of computer modeling scenarios used to estimate impacts to water availability 
resulting from future water development in the region to the year 2060. The report focuses on the 
two primary sources of water supply in the Kankakee Watershed WSPR: (1) direct withdrawals 
from the Kankakee River; and (2) groundwater from within the Kankakee watershed. A complete 
description and analysis of the groundwater flow model development is available in a separate 
report (Abrams et al., 2018). 
1.1 Study Area 
Parts of six counties are in the Kankakee River watershed: Ford, Grundy, Iroquois, 
Kankakee, Vermilion, and Will Counties (Figure 1 and Figure 2). All these counties were part of 
other regional water supply planning efforts. Ford, Iroquois, and Vermilion are in the East-
Central Illinois WSPR and Grundy, Kankakee, and Will are in the Northeastern Illinois WSPR. 
Because of budget restraints, the Kankakee River watershed was not fully studied in either of 
those regions but was identified as a future priority. 
Kankakee is the largest city in the region, with a population of about 27,000. Other cities 
with populations greater than 5,000 include Bourbonnais, Bradley, Manteno, and Wilmington. In 
addition to the Kankakee River, the Iroquois River watershed is also in the region. Two major 
aquifer systems occur in the region, the shallow aquifers (sand and gravel/bedrock) and bedrock 
aquifers. The shallow aquifers were deposited by glaciers or rivers. Bedrock aquifers are found 
throughout the region. When unconsolidated material has a limited extent, the bedrock aquifers 
are at or near the land surface. 
The major public water supply system in the region, the Aqua IL-Kankakee Division, 
uses a surface water supply (Kankakee River). Almost all remaining municipalities rely on 
groundwater. Non-mining self-supplied industrial and commercial entities in the region rely 
solely on groundwater, while most water used by mining entities is surface water. Most of the 
water used for agricultural irrigation is from groundwater sources. 
1.2 Report Structure 
The next section of this report, Section 2, provides a general discussion on water supply 
and demand, briefly presents the three scenarios for future water demands to 2060, and describes 
how these scenarios were incorporated into analytic models to assess impacts. 
The focus of Section 3 is groundwater availability. The section begins with a description 
of aquifers in the region, overviews of the regional geology and hydrogeology, and an 
introduction to the numerical groundwater flow model, which was developed to understand flow 
in the aquifers and forecast the impacts of future demands. A discussion of groundwater 
conditions is separated into two sections: shallow aquifers, which include sand and gravel and 
bedrock, and deep bedrock. Because different aquifer systems behave independently of each 
other, results of model simulations and calibration are reported separately. The flow model 
analysis emphasizes the impacts of future water supply demands on the aquifers, based largely 
on currently active wells, and includes a description of likely impacts based on prospective 
locations of potential new high-capacity wellfields.  
Section 4 focuses on surface water availability, emphasizing the analytical methods used 
to determine river yields, uncertainties in data inputs, and the use of statistical methods to 
estimate the 90 percent confidence yields. A set of scenarios is modeled to project potential 
 5 
future water demands and their impacts on streamflows. Impacts of severe droughts and climate 
change are also considered. 
Although the focus of this report is on water availability, we provide a brief discussion of 
water quality in Section 5, focusing on groundwater quality in the shallow bedrock (Silurian-
Devonian Dolomite) aquifer.  
Section 6 presents a general summary of water resource availability and 
recommendations for further study. 
1.3 Caveats 
Water quantity is the primary focus of the water supply planning initiative. Although 
water quality is not emphasized in this planning effort, water quality issues are reported where 
existing relevant information is known to the ISWS. Given the expertise available in the state 
surveys and the resources and time available to conduct the necessary studies, the following is a 
list of topics that are important in regional water supply planning and management, but are not 
addressed comprehensively in this report: 
• Economics 
• Legal matters 
• Societal and ethical issues and values 
• Water infrastructure 
• Water treatment 
• Water losses 
• Consumptive water use 
• Storm water and floods 
• Utility operations 
• Conservation and water reuse 
• In-stream water uses (ecosystems, recreation, navigation) 
• Governance and management 
 
Surface and groundwater models were developed using the most accurate and available 
knowledge of regional hydrologic conditions. Although the results represent a range of important 
impacts of the withdrawals simulated in the study, new information and more powerful tools 
could produce different results from those expressed in this report. 
1.4 How Much Water is Available in the Kankakee WSPR? 
The amount of water that the streams and aquifers of the Kankakee WSPR can supply 
depends on where the demand is, how much money users are willing to spend, and what societal 
and environmental consequences are acceptable. The amount of water available fluctuates. Many 
water development projects act to increase water availability by capturing water that would 
otherwise be lost to flood flows or evaporation. Other projects and hydrologic processes act to 
decrease water availability, such as reservoir siltation or aquifer desaturation. Future increases in 
water demand and water development projects will take place on a landscape where water is 
already heavily managed by drainage networks, dredged streams, reservoirs, water withdrawals, 
and wastewater discharges.  
Unlike other natural resources that humans consume, such as petroleum, only a tiny 
amount of the mass of water used is permanently removed from the environment. Most of the 
water we use is returned to the hydrologic cycle through wastewater discharge or evaporation. 
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However, the available supply may be affected where water is removed from one source and 
returned elsewhere (such as removing groundwater via pumping and returning to a stream). 
Where do scientists, and more importantly the public, draw the line as to what is or is not an 
acceptable impact? If impacts suggested by the models are considered by stakeholders (in this 
case, represented by the RWSPC) to be unacceptable or too uncertain, they may recommend to 
adopt policies and target monitoring and water management efforts to track and mitigate impacts 
regionally or in specific affected areas, or to conduct additional studies to reduce uncertainty. 
Models developed for this project are intended to be used for future analysis of other scenarios to 
test the effects of alternative management strategies. 
In this study, we examine the impact of current and future water demands on streams and 
aquifers in the Kankakee subregion by using computer-based models. Current water demands 
were estimated from annual surveys of water users of large supplies conducted by the Illinois 
Water Inventory Program (IWIP) at the ISWS. Future water demands were estimated by the 
ISWS and are detailed in the report “Water Demand in the Kankakee Water Supply Planning 
Subregion, 2010-2060” (Meyer et al., 2019). The modeling and analysis of groundwater and 
surface water in this study were conducted separately because of the fundamental difference in 
their hydrologic behavior and the analytical tools used to evaluate each. Surface water supplies 
are strongly influenced by the timing and magnitude of precipitation events and thus we chose to 
model them with transient simulations and statistical analyses of past streamflow records using 
the Soil and Water Assessment Tool (SWAT) computer model. Groundwater supplies exhibit 
more steady hydraulic behavior, but the spatial geometry of the aquifer materials is extremely 
variable, so we chose to model the aquifers with a deterministic numerical groundwater flow 
model, MODFLOW (McDonald and Harbaugh, 1988).  
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Figure 1. Water supply planning regions (WSPRs) in Illinois and location of the Kankakee watershed 
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Figure 2. Map showing towns with populations over 500 and major rivers within the Kankakee Watershed 
WSPR
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2 Water Use and Demand Projections for the Kankakee WSPR 
2.1 Water Use in the Kankakee WSPR 
This study focuses on the availability of water for withdrawal from groundwater and 
surface water resources in the Kankakee WSPR for various uses. Other aspects of water 
resources in the region, such as the valuable instream uses of surface water in which water is not 
withdrawn from the water body, such as that used for navigation, fish and wildlife preservation, 
recreation, water quality, and hydroelectric power generation, are not addressed in this study.   
All counties in this subregion were included in previous demand studies: Grundy, 
Kankakee, and Will in the Northeastern Illinois WSPR (Chicago Metropolitan Agency for 
Planning, 2010), and Ford, Iroquois, and Vermilion in the East-Central WSPR (East-Central 
Illinois Regional Water Supply Planning Committee, 2009, 2015). The water demand study 
specifically for the Kankakee WSPR was limited to Kankakee, Ford, and Iroquois Counties. 
Because much of the data are at a county level, the entirety of these three counties was included, 
even though there are areas in each county lying outside the watershed boundaries.  
The various uses of withdrawn water are separated into five water demand sectors: (1) 
public supply; (2) self-supplied domestic; (3) self-supplied thermoelectric power generation; (4) 
self-supplied industrial and commercial; and (5) self-supplied irrigation, livestock, and 
environmental. Estimates are developed for all sectors on a county level; estimates of demand for 
public supply are also developed at a facility level for 12 dominant public systems, including the 
two largest systems in each county. Figure 3 shows the distribution of water use in the region by 
sector for the year 2010. As is discussed later, the separation of water demand sectors is 
occasionally imprecise when water is withdrawn for multiple purposes; for example, much of the 
water classified as industrial-commercial is used in generating power for a large industry. Also, a 
sizeable portion of the public supply is sold to industrial and commercial facilities. The demand 
projection study used the 2010 water demand as the benchmark for describing current use and 
projecting future demands (Meyer et al., 2019). Changes in demand since 2010 are noted when 
they depart from their expected range in variability. 
2.2 Methodology 
Projections of future demand in the Kankakee WSPR were developed by the ISWS for 
the period 2015 to 2060 (Meyer et al., 2019). Estimates were developed for all sectors on a 
county level; estimates of demand for public supply are also developed at a facility level for 12 
dominant public systems, representing the three to five largest systems in each of the three 
counties. 
The techniques we used to develop the estimates differ by sector and include unit-
demand methods and multiple regressions. They provide estimates of future demand as a 
function of demand drivers and, for many sectors and subsectors, explanatory variables. 
Explanatory variables are variables influencing unit rates of water demand, such as summer-
season temperature and precipitation, median household income, marginal price of water, 
employment-to-population ratio, labor productivity, and precipitation deficit during the irrigation 
season. For most sectors and subsectors, we estimated total demand by multiplying unit rates of 
water demand by demand drivers. Demand drivers include such measures as population served 
by public systems, population served by domestic wells, number of employees, gross 
thermoelectric power generation, irrigated cropland acreage, irrigated golf course acreage, and 
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head counts of various livestock types. Population forecasts out to 2060 for each county and 
dominant public water system are shown in Table 1 and Table 2. 
 
 
Table 1. Reported and Projected Resident Population (2010-2060) 
County 
Estimated 
Population Projected Population 2010-2060 Change 
2010-2060 
Change 
(%) 20101 20202 20403 20603 
Ford  14,078 13,448 13,448 13,448 -630 -5 
Iroquois  29,663 27,686 27,686 27,686 -1977 -7 
Kankakee  113,462 117,167 125,013 132,903 -19,441 17 
REGIONAL TOTAL 157,203 158,301 166,147 174,037 16,834 11 
1U.S. Census Bureau (2015) 
2IDPH projection (Data.Illinois.gov, 2018) 
3See Meyer et al. (2019) 
 
 
Table 2. Reported and Projected Population Served by Dominant Public Water Supply Systems 
Public Water System 
Reported 
Population 
Served 
Projected Population 
Served* 2010-2060 
Change 
2010-2060 
Change 
(%) 
2010 2020 2040 2060 
Ford County 
Gibson City 3,572 3,572 3,572 3,572 0 0 
Paxton 4,725 4,725 4,725 4,725 0 0 
Piper City 1,000 1,000 1,000 1,000 0 0 
Iroquois County 
Clifton 1,400 1,444 1,532 1,620 220 16 
Gilman 1,813 1,813 1,813 1,813 0 0 
Milford 1,380 1,380 1,380 1,380 0 0 
Onarga 1,600 1,600 1,600 1,600 0 0 
Watseka 5,500 5,500 5,500 5,500 0 0 
Kankakee County 
Aqua IL – Kankakee Division 80,000 87,212 101,637 116,061 36,061 45 
Herscher 1,680 1,792 2,017 2,242 562 33 
Momence 3,420 3,779 4,497 5,215 1,795 52 
St Anne 1,212 1,245 1,310 1,375 163 13 
REGIONAL TOTAL  107,302 115,062 130,583 146,103 38,801 36 
*Projections for the systems are estimates based on historical trends and Illinois Department of Public Health 
population projections (Meyer et al., 2019) 
 
 
We employed available data and analysis to estimate plausible future values of demand 
drivers, explanatory variables, and unit rates of water demand. For each sector, we developed 
three scenarios of future water demand that reflect three different sets of plausible 
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socioeconomic and weather conditions: (1) a current trends (CT) (baseline) scenario; (2) a less 
resource intensive (LRI) scenario; and (3) a more resource intensive (MRI) scenario. To estimate 
water demand under each scenario, we used different sets of justifiable assumptions regarding 
future values of explanatory variables, unit rates of water demand, and demand drivers. A 
“normal” climate, based on 1981-2010 climate “normals,” was assumed in all scenarios. 
Although our estimates suggested a plausible range of future demand, they do not represent 
forecasts or predictions and they do not indicate upper and lower bounds of future water demand. 
Different assumptions or different future conditions could result in predicted or actual water 
demand that is outside of this range. 
We employed data from diverse sources to estimate future values of demand drivers, 
explanatory variables, unit rates of water demand, and—ultimately—total water demand. 
Facility-level historical water withdrawal data were obtained from the ISWS IWIP database. We 
also used county-level demand data developed by the United States Geological Survey (USGS), 
which in turn bases its estimates on IWIP data for many sectors. Domestic well counts were 
obtained from a database maintained by the ISWS. We obtained data on historical and future 
values of demand drivers and explanatory variables from state and federal agencies, including 
the Illinois Commerce Commission; Illinois Department of Employment Security; Illinois 
Department of Public Health; Illinois Environmental Protection Agency; Midwestern Regional 
Climate Center, Center for Atmospheric Science, ISWS; United States Census Bureau; United 
States Department of Agriculture; United States Department of Labor, Bureau of Labor 
Statistics; and the United States Energy Information Administration. 
 
2.3 Results 
2.3.1 Water Use (2010) 
Two sectors, public water supply and self-supplied irrigation, livestock, and 
environmental (ILE), account for the majority of water use in the three counties, at 43 percent 
and 38 percent, respectively (Figure 3). Demand by public water systems in 2010 totaled 18 
million gallons per day (mgd), with Kankakee County accounting for 80 percent of total regional 
public system demand. Most of the public water supply (71 percent, or 12.7 mgd) comes from 
the Kankakee River, and almost all that water is withdrawn by the Aqua IL facility that serves 
the greater Kankakee municipal area. The remaining public supply water (29 percent, or 5.3 
mgd) is from groundwater sources. 
Self-supplied ILE demand totaled 13 mgd and is dominated by cropland irrigation (10.9 
mgd). Kankakee County accounted for the greatest share of the ILE sector, at 71 percent. 
Cropland irrigation is almost entirely groundwater.  
Demand by self-supplied industrial-commercial (IC) establishments in the three counties 
totaled 5 mgd, or 13 percent of the total demand, with Kankakee County accounting for about 70 
percent of self-supplied IC demand. The bulk of the IC use (72 percent) was for the mining 
industry, almost entirely in Kankakee County. About 67 percent of the IC use was surface water. 
Self-supplied domestic demand totaled 3 mgd, or about 6 percent of regional demand. 
Although it constitutes a large proportion of demand in many regions, there is presently 
zero demand for self-supplied water for thermoelectric power generation in Kankakee, Ford, and 
Iroquois Counties because there are no active self-supplied thermoelectric power plants in that 
area.  
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Most water use in the three counties is in Kankakee County, which had 2010 demands of 
29.1 mgd, compared to 5.6 mgd in Iroquois County and 4.4 mgd in Ford County. 
2.3.2 Future Demands  
Future demand for self-supplied water for thermoelectric power generation in the 
Kankakee watershed region depends heavily on the gross generating capacity and the cooling 
system design of added self-supplied power plants in the region. Estimation of this demand 
cannot be based on local demand for electricity within the Kankakee region because electricity 
generated in the region may be sold outside the region. For this reason, in the Kankakee and 
other regions (e.g., Middle Illinois and Rock River), local electricity generation greatly exceeds 
local electricity demand. Our CT and LRI scenarios assume, preliminarily, that regional gross 
thermoelectric power generation remains zero from 2010 to 2060 and that self-supplied water 
demand continues at the 2010 level of 0 mgd. The MRI scenario assumes that one new gas-fired 
combined-cycle thermoelectric plant with a gross capacity of 1200 MW begins operation in 
Kankakee County in 2020. This addition increases regional water demand for thermoelectric 
power generation to 11 mgd during the period 2020-2060. It should be noted that this assumption 
has not been reviewed by the RWSPC, since the RWSPC does not yet exist. Appendix A 
provides a brief summary of possible future trends and recommendations for more in-depth 
analysis for the power generation sector. 
As mentioned previously, our scenario definitions are flexible, and we seek review and 
guidance from local authorities regarding them. Specifically, we ask for local knowledge of the 
county location, gross generation capacity, likely operation start date, and cooling system design 
of proposed thermoelectric power generation facilities.  
Figure 4 shows aggregate projected demand in the Kankakee watershed region to 2060 
for all sectors except self-supplied thermoelectric power generation. From 2010 to 2060, total 
demand in the region, omitting demand for thermoelectric power generation, increases to 43 mgd 
under the LRI scenario, 56 mgd under the CT scenario, and 66 mgd under the MRI scenario. Use 
of a climate-normalized estimate of 2010 demand—one in which we use the methods of this 
study to estimate public supply and ILE demand in 2010 under 1981-2010 normal climate—
permits meaningful comparison of estimates of future demand with the present demand as 
represented by 2010 socioeconomic conditions. We estimate 2010 climate-normalized demand at 
41 mgd, which is higher than the reported total of 39 mgd. Our 2060 LRI, CT, and MRI totals 
are, respectively, 4 percent, 35 percent, and 61 percent greater than the 2010 climate-normalized 
total. Figure 5, Figure 6, and Figure 7 show climate-normalized demand for each sector (omitting 
thermoelectric power generation) under each scenario. They show that most of the increase in 
total demand under all scenarios, particularly in the CT and MRI scenarios, is accounted for by 
increases in self-supplied ILE demand. 
2.4 Need for Adjusting Water Demand Estimates 
The water demand estimates presented herein and in Meyer et al. (2019) were intended to 
be reviewed and adjusted as necessary by the Kankakee RWSPC using local knowledge to 
improve and make the estimates more relevant. Since the Kankakee RWSPC has not formed, 
however, that review has not yet occurred. As a result, we have used the scenarios described 
previously in our modeling runs. When the Kankakee RWSPC does review the water demand 
estimates, we will re-run the models to account for changes in the demand scenarios. 
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Figure 3. Estimated historical water demand in the Kankakee Watershed WSPR in 2010
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Figure 4. Total reported (2010) and projected (2015-2060) water demand in the Kankakee Watershed 
WSPR for all demand sectors except self-supplied thermoelectric power generation 
 
 
Figure 5. Climate-normalized historical (2010) and projected (2015-2060) water demand in the Kankakee 
Watershed WSPR for all demand sectors except self-supplied thermoelectric power generation, LRI 
scenario
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Figure 6. Climate-normalized historical (2010) and projected (2015-2060) water demand in the Kankakee 
Watershed WSPR for all demand sectors except self-supplied thermoelectric power generation, CT 
scenario 
 
 
 
Figure 7. Climate-normalized historical (2010) and projected (2015-2060) water demand in the Middle 
Illinois WSPR for all demand sectors except self-supplied thermoelectric power generation, MRI scenario 
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3 Groundwater Studies in the Kankakee Watershed 
3.1 Aquifers of Illinois 
Illinois has three classes of productive aquifers: (1) sandstone; (2) weathered carbonate; 
and (3) coarse-grained unconsolidated (sand and gravel) aquifers.  
1. Sandstone is a sedimentary rock with comparatively large pore spaces between 
grains, at least in Illinois. Furthermore, the pore spaces are generally interconnected, 
resulting in a high enough permeability for use as an aquifer. Permeability is a 
measure of the ease with which water can move through a material. Sandstones in the 
Kankakee WSPR are generally Cambrian or Ordovician in age, collectively referred 
to as the Cambrian-Ordovician sandstone aquifer.  
2. Carbonate rocks (limestone and dolomite) can also be aquifers in Illinois, particularly 
where they are within 125 feet of the bedrock surface. In Illinois, carbonates are more 
susceptible to weathering than other rock types (e.g., sandstone and shale). 
Weathering results in the development of secondary porosity in the form of solution-
enlarged fractures, cracks, and crevices. As a result, highly productive weathered 
aquifers in Illinois are generally referred to as shallow carbonate bedrock aquifers. 
3. Bedrock in the Kankakee Watershed WSPR is generally covered with unconsolidated 
deposits, except in localized areas where unconsolidated materials are absent. Coarse-
grained unconsolidated aquifers form where these deposits are generally composed 
of sand and gravel, typically along rivers or in bedrock valleys. Sand and gravel 
aquifers generally have higher permeability and shallower water levels than most 
bedrock aquifers, which make them more economical to develop. However, shallow 
aquifers are often more susceptible to contamination, particularly if sand and gravel 
are at or near land surface. 
 
Many major aquifers in Illinois are contained within sequences of high- and low-
permeability layers. These low-permeable layers are known as aquitards. In the presence of 
aquitards, the vertical exchange of groundwater between aquifers is minimal. In Illinois, bedrock 
layers not composed of sandstone or weathered carbonates serve as aquitards. Fine-grained clays 
and silts within unconsolidated glacial material also act as aquitards and drastically limit 
recharge. 
When aquifers that are overlain by aquitards are completely saturated, they are referred to 
as confined. Groundwater within confined aquifers is under pressure. Water in a well open to the 
confined aquifer rises to a level that represents this pressure; this water level is referred to as the 
head. In a confined aquifer, the head is, by definition, above the top of the aquifer. Eventually, if 
withdrawals from a confined aquifer are great enough, the head may fall below the top of the 
aquifer, causing the aquifer to become unconfined. The upper boundary of an unconfined aquifer 
is not an aquitard, but is defined by the head in the aquifer (Freeze and Cherry, 1979). In other 
words, an unconfined aquifer is not fully saturated and has a free water surface that is below the 
top of the aquifer material. Unconfined aquifers can also occur naturally where overlying 
aquitards are not present, such as the outwash aquifers along major river corridors. In an 
unconfined aquifer, additional groundwater withdrawals beyond ambient groundwater flow are 
supplied by drainage of water from the pore spaces in the aquifer.  
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3.2 Hydrostratigraphic Units of the Kankakee Watershed 
For purposes of groundwater investigations and development of numerical groundwater 
flow simulation models, the ISWS combines adjacent geologic strata with similar hydrologic 
characteristics into individual hydrostratigraphic units. Each unit acts as a single aquifer or 
aquitard in modeling analyses, even though it is often made up of more than one geologic layer. 
Thirteen hydrostratigraphic units are present in the Kankakee Watershed WSPR (Table 3, Figure 
8). Each unit is assigned a generalized geologic material (sand and gravel, silt and clay, 
carbonate, sandstone, shale, or crystalline) based on available geologic information and insight 
from calibrated groundwater flow models (Abrams et al., 2018, Roadcap et al., 2013). The 
generalized geologic material of each hydrostratigraphic unit reflects its regional effect on 
groundwater flow. However, other geologic materials are frequently present and may affect 
groundwater flow on a local scale.  
The unconsolidated glacial material can be subdivided into two basic hydrostratigraphic 
units, fine- and coarse-grained Quaternary (Table 3); however, these units often occur in a 
complicated sequence of layers as a result of multiple glacial advances and river deposits. 
Detailed mapping of unconsolidated materials has not been conducted in large areas of the 
Kankakee Watershed WSPR. Furthermore, the mapping that has been done has not been 
digitized into a format to add into the existing groundwater flow model. To develop an 
approximation of the shallow glacial materials, we employ an approximation using Stack Maps 
developed by the ISGS (Berg and Kempton, 1988); this methodology is discussed in more detail 
in Abrams et al. (2018). This approximation is not suitable for the simulation of shallow glacial 
materials but is necessary to simulate the deeper sandstone aquifer.  
The remaining 11 hydrostratigraphic units represent bedrock material (Figure 8). Maps 
depicting the top elevation of each bedrock hydrostratigraphic unit have been completed for the 
northern half of Illinois and southern Wisconsin and Indiana (Abrams et al., 2018). Several 
bedrock hydrostratigraphic units are at the bedrock surface in Illinois (Figure 9); these units are 
often weathered and can serve as productive aquifers. In the Kankakee watershed, the dominant 
bedrock aquifer is the weathered Silurian-Devonian. The deeper Cambrian-Ordovician 
sandstones are generally too saline in this area to use as a water supply, although they are heavily 
used just outside of the watershed boundary in Will, Kendall, and Grundy Counties. 
 
 18 
Table 3. Geologic Composition of the Hydrostratigraphic Units Present in the Study Area  
AGE (SYSTEM 
OR SERIES) STRATIGRAPHY 
HYDROSTRATIGRAPHIC 
UNIT 
GENERALIZED 
GEOLOGIC 
MATERIAL 
QUATERNARY Unconsolidated 
Coarse-Grained Quaternary 
25-100% of the 
layer represents 
sand and gravel 
Fine-Grained Quaternary 
Less than 25% of 
the layer represents 
sand and gravel 
CRETACEOUS 
Lithostratigraphic units not 
detailed Pennsylvanian-Mississippian Shale 
PENNSYLVANIAN 
MISSISSIPPIAN 
UPPER 
DEVONIAN 
MIDDLE 
DEVONIAN Lithostratigraphic units not 
detailed Silurian-Devonian Carbonate LOWER DEVONIAN 
SILURIAN 
ORDOVICIAN 
Maquoketa Group Maquoketa Shale 
Galena Group Galena-Platteville Carbonate Platteville Group 
Ancell 
Group 
Glenwood 
Formation St. Peter Sandstone St. Peter  
Sandstone 
Prairie du Chien Group 
 
Prairie du Chien-Eminence Carbonate 
CAMBRIAN 
Jordan Formation (only 
northwestern Illinois), 
Eminence Formation 
Potosi Dolomite Potosi-Franconia Carbonate Franconia Formation 
Ironton Formation Ironton-Galesville Sandstone Galesville Formation 
Eau Claire 
Formation 
Proviso 
Member Eau Claire Shale and Carbonate Lombard 
Member 
Elmhurst 
Member Mt. Simon Sandstone 
Mt. Simon Formation 
PRECAMBRIAN Lithostratigraphic units not detailed Precambrian Crystalline 
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Figure 8. West-to-east cross-section showing the hydrostratigraphic units through northern Illinois. Note that the Kankakee Watershed WSPR is 
located at the eastern end of the depicted cross-section line.
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Figure 9. Hydrostratigraphic units present at the bedrock surface within the Kankakee Watershed WSPR 
(Kolata et al., 2005, Mudrey et al., 1982)  
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3.3 Shallow Aquifers in the Kankakee Watershed WSPR 
3.3.1 Current Water Demands 
The source of water used to satisfy public and self-supplied commercial and industrial 
demands in the Kankakee WSPR varies geographically. Sand and gravels are the primary source 
in the southern portion of the watershed, where glacial drift is thick and contains Mahomet 
Aquifer sand (hatched area in Figure 10). Conversely, in Will, Kankakee, and northern Iroquois 
Counties, glacial drift is thin and the Mahomet Aquifer is absent. However, over this same area, 
permeable Silurian-Devonian Dolomite is present (Figure 11); hence withdrawals from the 
weathered bedrock are common in the northern portion of the watershed. Withdrawals reported 
to IWIP (Illinois State Water Survey, 2018) are shown for the sand and gravel and shallow 
bedrock in Figure 10 and Figure 11, respectively. 
The source of irrigation demands is also varied throughout the region. Although irrigation 
data from IWIP were not available at the time of writing this report, the location of irrigation 
demands can still be investigated by locating the presence of center-pivot irrigation. The ISWS 
mapped irrigated acreage in 2012 and again in 2014 (Bridges et al., 2015). The highest demand 
for irrigation water is in southeastern Kankakee and northeastern Iroquois Counties (Figure 12). 
These demands are from wells predominantly open to the Silurian-Devonian Dolomite. 
However, the greatest density of irrigated acreage coincides with areas where surficial sand and 
gravels are present (Figure 12), likely because of the enhanced need to irrigate in sandy 
environments. In the southern portion of the watershed (southern Iroquois and Vermilion 
Counties), irrigation wells are typically open to the sands of the Mahomet Aquifer. Many of 
these wells are not necessarily located where regional sands are present at the land surface; 
hence, demands for water are expected to be lower. A substantial growth in irrigated acreage was 
observed, consistent with observations throughout the state (Figure 12). A variety of factors may 
explain this increase in demand, including higher prices for corn and lowered yields during and 
shortly after the 2012 drought. 
  
3.3.2 Previous Studies 
3.3.2.1 Silurian-Devonian Dolomite irrigation 
Due to growing concern about the impacts of irrigation activities extending beyond state 
boundaries and influencing local property owners, the ISWS conducted an intensive 
investigation of irrigation in southeastern Kankakee and northeastern Iroquois Counties in the 
late 1980s (Cravens et al., 1990). In this investigation, the authors developed a groundwater flow 
model of the region that accounted for variability in transmissivity, which is a parameter that 
defines how well groundwater flows through an aquifer and equals the product of hydraulic 
conductivity and saturated aquifer thickness. The variability in transmissivity was confirmed via 
multiple aquifer tests, which indicated a range in transmissivity of 14,242 to 122,503 gallons per 
day per foot.  
Even though the sand often exceeds 50 feet thick in most of the irrigated study area, there 
still appears to be at least 20 feet of clays and tills separating the surficial sand aquifer from the 
Silurian-Devonian Dolomite (Cravens et al., 1990, McFadden et al., 1988). Some exceptions 
exist in local bedrock valleys filled with sand and gravels and northwest of Hopkins Park where 
the dolomite is overlain by sands or there are no glacial deposits at all. Cravens et al. (1990) used 
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a variety of methods to determine that recharge ranged from 1.8 to 6.0 inches per year, with 
lower values occurring where till was thickest. 
Cravens et al. (1990) investigated the impacts of irrigation in 1987 and 1988. In 1987, 
ISWS staff determined that 2126 million gallons were used to irrigate in the region. As a result, 
groundwater drawdown exceeded 44 feet south of Hopkins Park, near the Kankakee/Iroquois 
County border. In 1988, which was a very dry year, irrigation withdrawals increased to 5687 
million gallons, and drawdown near Hopkins Park exceeded 72 feet. In both 1987 and 1988, this 
drawdown was enough to cause the Silurian-Devonian Dolomite to become locally desaturated 
during the irrigation season (~20 square miles were desaturated in 1988). Desaturation of 
bedrock results in decreased transmissivity of the system and lowered well productivity. Water 
level declines slowed once the Silurian-Devonian Dolomite was desaturated, although as much 
as 25 feet of thickness of dolomite was dewatered in local areas. 
3.3.2.2 Regional potentiometric surface 
A regional potentiometric surface map of the shallow bedrock (Figure 13) was first 
developed by Abrams et al. (2015) and is an aggregate from multiple studies (Locke and Meyer, 
2007, Meyer, 1998, Meyer et al., 2013, Roadcap et al., 1993, Roadcap et al., 2013). Particularly 
interesting is the proximity of the groundwater highs in Will County to the Kankakee watershed 
divide, indicating that groundwater flow directions may, at least crudely, coincide with the 
topography in this region. The data used to develop this potentiometric surface included repeated 
measurements in the Silurian-Devonian Dolomite in Will and Cook Counties, which had a 
median difference through time of only 0.6 feet. However, spatial differences in changing heads 
were observed in Will County. Water levels generally increased from 1990 and 2003 where 
towns switched to Lake Michigan water (Bolingbrook, Homer Glen, New Lenox, and Mokena). 
Conversely, water levels in Crest Hill, Lockport, Frankfort, Steger, and Crete, where 
groundwater was still used, declined. 
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Figure 10. Public supply and self-supplied commercial and industrial withdrawals from wells open to sand 
and gravel 
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Figure 11. Public supply and self-supplied commercial industrial withdrawals from wells open to the 
Silurian-Devonian dolomite  
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Figure 12. Map of areas irrigated in 2012 by center pivots and the increase in center-pivot irrigation from 
2012 to 2014 
 26 
 
Figure 13. Potentiometric surface of the weathered bedrock surface in northeastern Illinois, modified from 
Abrams et al. (2015). Blue arrows indicate flow directions. 
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3.3.3 Synoptic Measurements of Irrigation Wells in 2015 and 2016 
To understand recent impacts to groundwater supplies from the increasing use of center-
pivot irrigation and to update work conducted in the late 1980s (Cravens et al., 1990), we 
conducted synoptic water level measurements of shallow bedrock carbonate wells in late May 
(before irrigation season) and late August (during the irrigation season) of 2015 (Figure 14). Of 
the 16 shallow bedrock observation wells installed as part of the Cravens et al. (1990) study, 7 
remain (Table 4). To supplement measurements at observation wells, we also measured water 
levels at municipal and high-capacity irrigation wells that report to IWIP. Measurements were 
taken over three days under static conditions (wells were off for at least 30 minutes) using a 
variety of methods. Most of the wells that were measured in May were re-measured over three 
days in late August during the irrigation season. Results are summarized in Table 4.  
Water levels changed very little between May and August 2015. The largest decline of 10 
feet occurred at the Buckingham 5 well. At the observation wells, heads increased or decreased 
by only several feet or less. The minimal change over the irrigation season was due to the fact 
the 2015 was a very wet year, particularly in the summer, and very little to no irrigation 
occurred. 
 Because of the lack of irrigation in 2015, we repeated the synoptic measurements in late 
May and early September of 2016. Due to time and budget constraints, only the observation 
wells were measured in 2016. Water levels were measured on one day during each synoptic 
measurement using droplines. Results of the 2016 measurements are summarized in Table 5 and 
show an overall decline from May to September due to irrigation withdrawals. The greatest 
decrease of 46.47 feet occurred at well D16, which may be due to a combination of irrigation 
withdrawals and reduced streamflow during the summer months in the nearby creek that is 
adjacent to this well. Head decreased by 18.73 feet at well D4, which is close to many large 
center pivots (Figure 14).  
3.3.4 Long-Term Water Level Changes in the Silurian-Devonian Dolomite due to 
Irrigation 
Four wells measured in May 2016 exhibited very small changes compared to May 1987 
heads (Table 6). Well D5 decreased by 1.98 feet, whereas well D10 increased by 1.08 feet. The 
head changes at these four wells could indicate natural fluctuations in the water table and not a 
long-term trend. A fifth well, however, has shown a greater decline. Water levels at observation 
well D4 have been recorded almost continuously since 1982 using a float and paper recording 
chart, and more recently, a pressure transducer and datalogger. The hydrograph clearly shows the 
seasonal influence of irrigation withdrawals and subsequent decreases in water levels in the 
summer months, followed by recovery in the fall and winter when irrigation has ceased (Figure 
15). The hydrograph at well D4 also exhibits a downward trend from 1982 to 2018. Depth to 
water was shallowest at the beginning period of record, 20 feet below land surface during the 
non-irrigation season. Recently, depth to water during the non-irrigation season was greater than 
30 feet below land surface in and around the 2012 drought. Even in the higher precipitation 
periods of 2015 and 2016, the depth to water was at least 26 feet. The decline in head observed at 
Pembroke D4 does not indicate the regional picture, but rather appears to be the result of 
localized increases in center pivot irrigation.             
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Figure 14. Map of observation wells and high-capacity municipal and irrigation wells measured during the 
2015 and 2016 synoptic measurements in and near the Kankakee Watershed WSPR  
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Table 4. Results from the 2015 Synoptic Measurement of Water Levels in Shallow Bedrock Carbonate Wells in the Kankakee Watershed WSPR. 
Note that several wells were not remeasured in August due to pumping cycle constraints. 
           May 2015 August 2015   
Well Type Well ID 
Well 
Depth (ft) 
Elevation 
(ft AMSL) Method 
Depth to 
Water from 
LS (ft) 
Head 
Depth to 
Water from 
LS (ft) 
Head 
Head 
Change 
(ft) 
Irrigation I1 600 631.00 airline 8.00 623.00 4.00 627.00 4.00 
Irrigation I2 300 681.00 steel tape 38.89 642.11         - -         - 
Irrigation I3 ? 700.00 steel tape 55.34 644.66 63.16 636.84 -7.82 
Irrigation I4 ? 630.00 steel tape 14.37 615.63 14.00 616.00 0.37 
Irrigation I5 ? 626.00 steel tape 9.21 616.79 7.59 618.41 1.62 
Municipal M1 215 664.00 dropline 23.48 640.52         - -         - 
Municipal M2 200 677.00 airline 76.00 601.00 78.00 599.00 -2.00 
Municipal M3 240 656.00 airline 57.00 599.00 63.00 593.00 -6.00 
Municipal M4 258 655.00 airline 49.00 606.00 59.00 596.00 -10.00 
Municipal M5 250 652.00 airline 65.00 587.00 67.00 585.00 -2.00 
Municipal M6 357 700.00 airline 74.00 626.00 66.00 634.00 8.00 
Municipal M7 150 665.00 airline 48.00 617.00 45.00 620.00 3.00 
Municipal M8 205 662.00 airline 48.00 614.00 48.00 614.00 0.00 
Municipal M9 163 667.00 airline 22.00 645.00 22.00 645.00 0.00 
Municipal M10 170 665.00 airline 20.00 645.00 18.00 647.00 2.00 
Municipal M11 450 680.00 airline 68.00 612.00 66.00 614.00 2.00 
Municipal M12 445 679.00 airline 65.00 614.00 60.00 619.00 5.00 
Municipal M13 265 628.00 airline 15.00 613.00         - -         - 
Municipal M14 176 631.00 airline 15.00 616.00 8.00 623.00 7.00 
Municipal M15 200 620.00 airline 4.00 616.00 4.00 616.00 0.00 
ISWS Observation Well D4 200 661.20 dropline 31.29 629.91 30.05 631.15 1.24 
ISWS Observation Well D5 150 665.90 dropline 31.39 634.51 30.15 635.75 1.24 
ISWS Observation Well D6 604 624.60 dropline 8.43 616.17 8.39 616.21 0.04 
ISWS Observation Well D7 190 642.20 dropline 4.42 637.78 6.74 635.46 -2.32 
ISWS Observation Well D10 490 625.60 dropline 16.12 609.48 13.70 611.90 2.42 
ISWS Observation Well D15 200 644.90 dropline 21.04 623.86 21.16 623.74 -0.12 
ISWS Observation Well D16 200 666.10 dropline 56.85 609.25 52.87 613.23 3.98 
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Table 5. Results from the 2016 Synoptic Measurement of Water Levels in Shallow Bedrock Carbonate Observation Wells in the Kankakee 
Watershed WSPR 
           May 2016 September 2016   
Owner Well ID 
Well 
Depth (ft) 
Elevation 
(ft AMSL) Method 
Depth to 
Water from 
LS (ft) 
Head 
Depth to 
Water from 
LS (ft) 
Head Head Change (ft) 
ISWS Observation Well D4 200 661.20 dropline 25.99 635.21 44.72 616.48 -18.73 
ISWS Observation Well D5 150 665.90 dropline 21.88 644.02         - -         - 
ISWS Observation Well D6 604 624.60 dropline 7.83 616.77 8.12 616.48 -0.29 
ISWS Observation Well D7 190 642.20 dropline 4.46 637.74 4.87 637.33 -0.41 
ISWS Observation Well D10 490 625.60 dropline 11.52 614.08 21.05 604.55 -9.53 
ISWS Observation Well D15 200 644.90 dropline 18.30 626.60 27.65 617.25 -9.35 
ISWS Observation Well D16 200 666.10 dropline 41.13 624.97 87.60 578.50 -46.47 
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Table 6. Comparison of May 1987 and May 2016 Water Levels in Selected Shallow Bedrock Carbonate 
Observation Wells in the Kankakee Watershed WSPR 
       May 1987  May 2016   
Owner Well ID 
Well 
Depth 
(ft) 
Depth to 
Water from 
LS (ft) 
Head 
Depth to 
Water from 
LS (ft) 
Head 
Head 
Change 
(ft) 
ISWS Observation Well D4 200 20.20 641.00 25.99 635.21 -5.79 
ISWS Observation Well D5 150 19.90 646.00 21.88 644.02 -1.98 
ISWS Observation Well D6 604 7.60 617.00 7.83 616.77 -0.23 
ISWS Observation Well D7 190 4.70 637.50 4.46 637.74 0.24 
ISWS Observation Well D10 490 12.60 613.00 11.52 614.08 1.08 
ISWS Observation Well D15 200 - - 18.30 626.60 - 
ISWS Observation Well D16 200 - - 41.13 624.97 - 
 
 
 
Figure 15. Long-term hydrograph at monitoring well D4 showing the seasonal influence of irrigation and 
subsequent water level recovery. Note the overall downward decline.  
3.3.5 Recent Water Level Changes in the Mahomet Aquifer due to Irrigation 
Until the year 2010, water levels were rising slightly in the Mahomet Aquifer in southern 
Iroquois County at the monitoring well Iroquois 98A (Figure 16). A similar possible increase is 
largely obscured by variability in the static data at Iroquois 98B (Figure 17). Shortly after 2010, 
however, there was a downward decline in both pumping and, to a lesser extent, static conditions 
at both observation wells. These declines are likely in response to the drought of 2012. However, 
since there was no observed increase in irrigation pivots immediately next to these monitoring 
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wells after 2012 (Figure 14), this decline may indicate a more regional impact. Interestingly, the 
same decline was not observed in the drought year of 2005 at Iroquois 98A, indicating that the 
regional impact of irrigation on groundwater in Iroquois County may have been largely muted 
before 2012. Data were unavailable for most of the time around the 2005 drought for Iroquois 
98B. Note that the observed declines do not represent a risk to water supply in the Mahomet 
Aquifer of Iroquois County, but do highlight the sensitivity of heads to increasing irrigation 
demands in confined aquifers, even in highly transmissive aquifers such as the Mahomet. 
Furthermore, as the data record for these wells ends in 2013, the amount of recovery that took 
place following the drought is unclear. 
 
 
 
Figure 16. Depth to water at Iroquois 98A 
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Figure 17. Depth to water at Iroquois 98B 
 
3.3.6 Status of the Groundwater Flow Model of the Shallow Aquifers 
Cravens et al. (1990) developed a two-dimensional model of the Kankakee watershed, 
which was used to understand varying transmissivity and recharge in the system. This model was 
developed to look specifically at the 1987 and 1988 conditions studied in that report. Roadcap et 
al. (2011) developed a model for the Mahomet Aquifer, which extended into southern Iroquois 
County. This model was developed to look at the long-term changes in the aquifer and showed 
less than 5 feet of change from predevelopment to 2005 in southern Iroquois and between 5 
and10 feet of additional drawdown between 2005 and 2050 (based on projected demands). 
 Both of these models will be superseded by the Illinois Groundwater Flow Model, which 
has been developed for the northern half of the state (Abrams et al., 2018). Currently, the model 
has enough detail to simulate withdrawals from the Cambrian-Ordovician sandstone aquifers and 
the shallow aquifers of the Middle Illinois region (Figure 1). The Mahomet Aquifer geology is 
also depicted in the model, but pumpage has not been updated. The rest of the state relies on a 
first-order approximation of the glacial material derived from ISGS Stack Maps (Berg and 
Kempton, 1988) and a major sand and gravel aquifer coverage (Illinois Department of Natural 
Resources, 1996). At the time of writing this report, the ISGS was developing a statewide 
depiction of the Quaternary Geology using the same process developed for the Middle Illinois 
region (Abrams et al., 2018). Coincident with these efforts, IWIP is developing new approaches 
to estimate irrigated withdrawals that are based on reported irrigated withdrawals and updated 
center-pivot mapping (Bridges et al., 2015).  
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In the next round of water supply planning (2018-2020), the efforts by ISGS and IWIP 
staff are expected to be complete, and the Illinois Groundwater Flow Model will be updated for 
many irrigated areas in the state in the water supply planning round expected to take place in 
2021. The priority areas for this study will include the Kankakee watershed and Mahomet 
Aquifer, and the model will be used to understand seasonal changes in pumpage and long-term 
declines due to increasing demands. 
3.4 Sandstone Aquifers in and Around the Kankakee Watershed WSPR 
3.4.1 Long-Term Decline in the Sandstone Aquifers 
Two sandstone aquifers are present within the Kankakee WSPR. The uppermost aquifer, 
the St. Peter Sandstone, is relatively shallow in the northwestern most part of the region and 
becomes increasingly deep to the east, with the underlying Ironton-Galesville Sandstone 
following a similar trend (Willman et al., 1975). Though the St. Peter Sandstone receives some 
recharge to the west of the Kankakee watershed region, it remains overlain by shale within the 
region itself. Both sandstone units consist of well-rounded quartz sand grains and are similarly 
productive. The deeper Ironton-Galesville Sandstone is separated from the St. Peter Sandstone 
by predominantly unweathered carbonate hydrostratigraphic units, the Prairie du Chien-
Eminence and the Potosi-Franconia, functioning together as an aquitard.  
Though an aquitard separates the two sandstone aquifers, historically, high-capacity wells 
were commonly open to both aquifers, resulting in similar or exactly equal heads in both 
aquifers. Previous synoptic measurements at the ISWS indicate this to be true both on a local and 
regional scale for most of northeastern Illinois. However, new high-capacity well development 
has trended toward wells completed in only the Ironton-Galesville Sandstone, increasing 
drawdown within this aquifer at a much faster rate than in the uppermost St. Peter Sandstone. 
This increase is particularly evident in western Will County and eastern Kendall County, an area 
with few existing multi-aquifer wells. Increased drawdown in the deeper Ironton-Galesville has 
created serious concerns regarding the long-term viability of these wells.  
Exacerbating the problem, the Sandwich Fault Zone, present in the northernmost part of 
the Kankakee WSPR, is a complex feature several miles wide and associated with up to 150 feet 
of regional offset in bedrock units in the area, though local offset can be greater (Kolata et al., 
1978). Groundwater flow across the fault zone is limited, resulting in generally higher heads on 
the south side of the fault, especially in the St. Peter Sandstone. Due to the geologic complexity, 
well productivity within the fault zone is variable, and occasionally, some wells do not produce 
enough water for a viable supply.   
In 2014, the ISWS conducted its largest study of Cambrian-Ordovician sandstone aquifer 
heads in Illinois since 1980. This included much of the Kankakee WSPR. The 2014 
potentiometric surface of the Cambrian-Ordovician sandstone aquifers is shown in Figure 18. 
Heads were highest in north-central Illinois, where shale overlying the St. Peter Sandstone is 
absent and leakage to the sandstone aquifers is greatest. The lowest heads are observed northwest 
of the Kankakee WSPR, where public supply and industrial withdrawals are most concentrated 
in Will and eastern Kendall Counties. Many faults exist in the sandstone, including the Sandwich 
Fault Zone (present in the northern portion of the Kankakee watershed) and the Des Plaines 
Disturbance (present in northern Cook County). These faults impact the flow of groundwater 
through the sandstone, generally impeding flow (Abrams et al., 2015). 
Within the Kankakee WSPR, sandstone aquifer groundwater use is limited primarily to 
southwestern Will County. The sandstone aquifers become increasingly saline moving south or 
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east across the region, and the availability of shallow aquifers and surface water sources within 
the Kankakee WSPR has limited sandstone development. Drawdown from 1980 to 2014 was 
observed only in the western part of the region, exceeding 100 feet near the northwestern region 
boundary (Figure 19). Elsewhere in the region, heads have remained largely unchanged, with the 
northeast portion of the region recovering over 50 feet following a decrease in demands in Cook 
and DuPage Counties. 
Though sandstone withdrawals within the region are limited, head declines are still 
expected, primarily attributed to future development outside of the region. In the St. Peter 
Sandstone, the Current Trend (CT) scenario described in Chapter 2 produces over 100 feet of 
additional drawdown in the northwest portion of the Kankakee Watershed WSPR (Figure 20), 
with nearly 200 feet of drawdown in the Ironton-Galesville Sandstone (Figure 21). As sandstone 
withdrawals in northeast Illinois, particularly Will and Kendall Counties, are primarily from 
Ironton-Galesville Sandstone wells, head declines in the St. Peter Sandstone are attributed 
primarily to wells open to both sandstone units, draining the St. Peter Sandstone through these 
connections. 
3.4.2 Risk to Sandstone Aquifer Water Supply Outside of the Kankakee watershed 
Risk to the sandstone aquifers was determined for both current and future conditions 
using simulated drawdown for 2060. The threshold for risk is based on available head above the 
top of the aquifer. Only the areas with at least a 50 percent decline in available head since 
predevelopment are considered; where the sandstone aquifers are near the surface, heads may fall 
below the top of the aquifer under natural conditions. The risk threshold for the two aquifers 
differs based on well construction trends and expected impacts: 
 
1. The St. Peter Sandstone is considered at risk where available head is less than 200 
feet above the top of this sandstone, as this is a typical drawdown for a high-capacity 
well completed in only the St. Peter Sandstone. As the St. Peter Sandstone is 
increasingly used as a supply for domestic wells, any dewatering of the St. Peter 
Sandstone is also likely to cause domestic wells to go dry. 
2. The Ironton-Galesville Sandstone is considered at risk where available head is less 
than 550 feet above the top of this sandstone. Below this threshold is unprecedented 
territory, with concerns about the steep cone of depression creating large entrance 
velocities that increase the likelihood of caving formations, which in turn would 
result in pumping of sand and consequent damage to pump equipment. Drawdown of 
up to 400 feet has been observed in wells completed in the Ironton-Galesville 
Sandstone, and available head should be maintained above the aquifer to continue 
using it as a sustainable supply. We conservatively added an additional 150 feet 
above the top of the Ironton-Galesville when establishing risk because declines below 
this are unprecedented, so new issues may be encountered that have not previously 
been observed with such extreme conditions. 
 
Analyzing the two-risks threshold defined above, the Kankakee WSPR is at minimal risk 
for sandstone supplies. The St. Peter Sandstone is not currently at risk, though the risk area is 
expected to expand into the northwestern portion of the region by 2060 (Figure 22). The Ironton-
Galesville Sandstone is not at risk under current or future conditions for the Current Trend 
simulation (Figure 23). However, large portions of Will and Kendall County are at risk in both 
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aquifers, with risk areas expanding substantially by 2060 for the Current Trend simulation. Areas 
at risk will likely see water supply interruptions, increased service costs, and other problems that 
may impact the viability of the water supply long term. Communities within these areas are 
currently seeking alternate water supplies anticipating these impacts. 
3.4.3 Implications for the Kankakee Watershed 
One of the potential alternative supplies for the areas at greatest sandstone risk is the 
Kankakee River. Communities within portions of Will County are expected to grow substantially 
over the coming decades, along with additional demand from industries along this major 
industrial corridor, potentially presenting a major demand on the Kankakee River. This demand 
may possibly exceed a low-flow allowance on the Kankakee River, necessitating a backup 
supply during these low-flow periods. As other backup supplies are of limited availability in 
areas of sandstone risk, currently the sandstone aquifers are likely to be the only viable backup 
option; however, there are questions about its viability under increasing demand. Many 
communities and industries using the sandstone aquifers as a primary supply within the risk area 
predominantly use the Ironton-Galesville Sandstone. Unfortunately, due to the geologic 
complexity of the sandstone aquifers, any long-term recovery that results from ceasing or 
minimizing sandstone demands is likely to be lost almost immediately after emergency use 
begins in the Ironton-Galesville wells, possibly exceeding the current risk area. For this reason, 
the sandstone may only be partially effective as a backup supply in some areas.  
As a result, conjunctive water management that accounts for impacts on both river and 
groundwater supplies will be essential moving forward. Water users within the Kankakee WSPR 
should be cognizant of this potential demand on the river going forward. Available flow on the 
Kankakee River during low-flow periods may be contingent on whether the largest users in Will 
County also tap into it as a water supply, so water planners currently using or anticipating growth 
in the Kankakee WSPR should stay informed on planning decisions outside of the region, 
especially in Will County. Sandstone users should remain vigilant about backup supplies and 
explore options other than the sandstone aquifers, as they may not be able to support all 
emergency demand during a low-flow scenario on the Kankakee River. 
3.4.4 Updates on the Sandstone Supply Issue 
Since the completion of this report, a new study focusing on the supply risk for the city of 
Joliet was developed with assistance from the Illinois State Water Survey (CMT, 2019). Phase I 
of this study is available at https://www.joliet.gov/departments/public-utilities/rethink-water. 
Briefly, results from this study indicate that: 
 
1. The city of Joliet may experience supply risk as early as 2030. This is based on a 
revised projection scenario.  
2. The Kankakee River remains one of the possible alternative supplies, along with the 
Illinois River and Lake Michigan options. Phase II of this study will further access 
the supply and economics of each of these options.  
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Figure 18. Potentiometric surface of the Cambrian-Ordovician sandstone aquifers in 2014 (modified from Abrams et al., 2015) 
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Figure 19. Head change in the Cambrian-Ordovician sandstone aquifers from 1980 to 2014 (modified from Abrams et al., 2015)
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Figure 20. Simulated head change of the St. Peter Sandstone from 2016 to 2060, CT Scenario
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Figure 21. Simulated head change of the Ironton-Galesville Sandstone from 2016 to 2060, CT Scenario
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Figure 22. Risk to the St. Peter Sandstone based on modern risk and simulated drawdown under the 2060 CT scenario
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Figure 23. Risk to the Ironton-Galesville Sandstone based on modern risk and simulated drawdown under the 2060 CT Scenario 
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4 Surface Water Studies 
4.1 Surface Water System and Watershed Characteristics  
The Kankakee River, located in the northeastern portion of Illinois and the northwestern 
part of Indiana, is a principal tributary of the Illinois River. In fact, the Illinois River starts where 
the Kankakee River joins the Des Plaines River in Will County. The Kankakee River drains a 
total area of 5166 square miles (mi2) with an approximate length of 136 miles.  
4.1.1 Public Waters of Illinois  
In 17 Illinois Administrative Code, Chapter I, Section 3704, Illinois public waters, also 
known as Illinois Public Bodies of Water, are generally defined as all lakes, rivers, streams, and 
waterways that are or were navigable, are open or dedicated to public use and include all bayous, 
sloughs, backwaters, and submerged lands connected by water to the main channel or body of 
water during normal flows or stages (Illinois General Assembly, 1984, Meyer et al., 
2012). Figure 24 shows the public waters of Illinois, which include the Kankakee River (the river 
mouth to Illinois-Indiana state border), and the Iroquois River (the river mouth to Watseka, IL) 
located in the Kankakee watershed.   
 
The State of Illinois typically requires protected minimum flows for public waters of 
Illinois, aiming to provide instream water to aquatic ecosystems. When a minimum flow is 
specified, water users are required to discontinue water withdrawals whenever the streamflow 
falls either below the specified minimum flow or when the withdrawal would otherwise cause 
the streamflow to decrease below the specified minimum flow. Absent of any site-specific 
studies with respect to instream flow needs and other water demands, the 7-day, 10-year low 
flow (Q7,10) is often adopted as the protected minimum flow for public waters of Illinois 
(https://www.isws.illinois.edu/watershed-science/water-supply/7-day-10-year-low-flow-maps). 
Q7,10 is defined as the minimum 7-day average flow that has a 10 percent chance of being equal 
to or less than annually (Singh and Ramamurthy, 1993, Zhang and Kroll, 2007). 
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Figure 24. Public waters of Illinois, adapted from (Illinois Department of Natural Resources, 2015)  
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4.1.2 Kankakee River and Tributaries  
The Kankakee River originates near South Bend, IN, and generally flows west until the 
confluence with the Des Plaines River. Figure 25 shows the location of the watershed, which is 
located primarily in Indiana and Illinois and a tip of Michigan in Berrien County. Figure 26 
shows the Illinois portion of the Kankakee River watershed. The watershed encompasses 
portions of 21 counties in the three states. The length of the Kankakee River is approximately 
136 miles (59 miles of the Kankakee River are in Illinois) with a total drainage area of 5166 mi2 
(2169 mi2 in Illinois).   
The Iroquois River has a drainage of 2135 mi2 and is the largest tributary to the Kankakee 
River. The Iroquois River watershed covers portions of seven counties in Indiana and Illinois. 
The other tributaries to the Kankakee River are Yellow River, Singleton Ditch, Rock Creek, 
Forked Creek, and Horse Creek. The tributaries to the Iroquois River include Sugar Creek, 
Spring Creek, Prairie Creek, Langan Creek, and Beaver Creek, which all drain entirely or 
partially in Illinois.      
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Figure 25. The Kankakee River watershed in Illinois, Indiana, and Michigan 
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Figure 26. The Kankakee River and its tributaries in Illinois  
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4.1.3 Kankakee River Watershed Characteristics  
To distinguish the areas of the Kankakee River watershed based on physiographic and 
hydrologic characteristics, the upper Kankakee, Iroquois, and lower Kankakee watersheds are 
defined (Knapp, 1992). The upper and lower Kankakee River are defined as the reaches 
upstream and downstream of the confluence with the Iroquois River, respectively.  
The upper Kankakee River has a mild channel gradient, averaging less than 1 foot per 
mile (Knapp, 1992). The former Grand Kankakee Marsh was a 625-square-mile marsh-swamp-
dune complex, occupying much of the length and one-third of the drainage area upstream of 
Momence, IL (Indiana Department of Natural Resources, 1990). To make the land more suitable 
for agriculture, the Grand Kankakee Marsh was dredged and drained, and the Kankakee River 
and some tributaries were channelized and shortened between 1886 and 1917. Even with the 
extensive drainage and channelization, overbank flooding still occurs about three times a year in 
the upper Kankakee. The sand and gravel deposits underlying the Grand Kankakee Marsh form a 
large shallow aquifer 30 to 100 feet deep, which is hydraulically connected to surface water and 
provides much of the streamflow, especially during dry conditions. 
The Iroquois River watershed has gently sloping topography, poor drainage, and an 
average channel slope of 0.50 feet per mile. A nearly level pool is formed by a rock outcrop near 
Chebanse, IL. This flat topography and poor drainage result in frequent flooding along the river 
(Knapp, 1992).  
The lower Kankakee River flows through a narrow, entrenched valley with an average 
channel slope of 2.5 feet per mile. A 12-foot-high in-channel dam in Kankakee, IL forms the Six 
Mile Pool upstream of the city of Kankakee (Bhowmik et al., 1980). The Six Mile Pool extends 
upstream by about 4 miles.  
The major land use and economic activity in the Kankakee River watershed is 
agriculture. The land uses in the entire watershed and Illinois portion of the watershed are 
illustrated in Figure 27 and Figure 29, and percentages of each land use/land cover type are 
shown in Figure 28 and Figure 30, respectively. Agriculture is the dominant land use, with 79.8 
percent for the entire watershed and 85.1 percent in the Illinois portion. The percentage of 
developed land use between the entire watershed and the Illinois portion is similar, at 8.1 and 8.9 
percent, respectively.  
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Figure 27. Land cover in the Kankakee River watershed 
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Figure 28. Percentage of land cover in the Kankakee River watershed 
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Figure 29. Land cover in the Illinois portion of the Kankakee River watershed 
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Figure 30. Percentage of land cover in the Illinois portion of the Kankakee River watershed 
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4.2 Historic and Future Surface Water Demand  
4.2.1 Water Demand in Indiana Portion  
Water demand in Indiana impacts water availability in the Kankakee River. The shallow 
groundwater in the Indiana portion is hydraulically connected to the surface water system, and 
thus the groundwater demand is important as well. The Indiana Department of Natural Resources 
collects water use data including water use location, purpose, amount, and water source. The 
water use data for the period of 2010 to 2016 were used in this study. Surface water and 
groundwater withdrawals with average withdrawals of 0.1 mgd or greater are shown for the 
Indiana portion of the Kankakee River in Figure 31. The average withdrawals for different 
sectors for the Indiana portion are summarized in Table 7. There are 68 major surface water 
withdrawals in Indiana, and the average surface water withdrawal was 76.7 mgd. Irrigation is the 
major user with an annual average withdrawal of 35.0 mgd. Power generation is the second 
largest user with an annual average withdrawal of 24.1 mgd. The Schahfer Generating Station in 
Wheatfield, IN is the largest surface water user, accounting for 31.4 percent of the total surface 
water demand. It should be noted that the Schahfer Generating Station plans to close two of its 
four coal-fired electric generating units in 2023, which will reduce its generating capacity by 40 
percent and decrease its water demand accordingly. Reduced water demand by the Schahfer 
Generating Station is expected to increase low flows in the Kankakee River.    
A total of 1234 wells within the Indiana portion of the watershed have an annual average 
total groundwater demand of 68.0 mgd. The irrigation and public water supply sectors are the 
major groundwater users, with average annual pumpages of 39.6 and 18.1 mgd, respectively.  
 
Table 7. Average Water Withdrawals in the Indiana Portion of the Kankakee River Watershed 
Water Use 
Sector 
Surface Water 
Withdrawal 
(mgd) 
Groundwater 
withdrawal 
(mgd) 
Power 24.1 4.8 
Industry 8.5 2.5 
Irrigation 35.0 39.6 
Public  0.0 18.1 
Other 9.1 2.9 
Total 76.7 68.0 
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Figure 31. Surface and groundwater withdrawals in the Indiana portion of the Kankakee River watershed 
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4.2.2 Water Demand in Illinois Portion  
IWIP provides water use data for the Illinois portion of the watershed. When this study 
was conducted, the most recent complete water use records from IWIP were for 2012, which was 
a drought year. The surface water and groundwater withdrawals within the Illinois portion of the 
Kankakee River watershed are shown in Figure 32. The total groundwater withdrawals in the 
Illinois portion was 6.9 mgd in 2012. The impact of these groundwater withdrawals on surface 
water availability in the Kankakee River is expected to be minimal as the amount of groundwater 
withdrawal is relatively small compared with low streamflow in the Kankakee River and the 
resulting effluent is returned to the surface water system. 
Only six surface water withdrawals were made, but they accounted for 99 percent of the 
total 2012 withdrawals. The largest users were in Grundy and Will Counties, outside the area 
considered by the demand study (Meyer et al., 2019). The larger user was Exelon Dresden 
Station (Grundy County), which pumped 496.3 mgd of water from the Dresden Pool at the 
confluence of the Kankakee and Des Plaines Rivers. Dresden Station uses the water for once-
through cooling and most of the water is returned to the river, though at an elevated temperature. 
The impact of Dresden Station water demand is primarily on the Illinois River instead of the 
Kankakee River. Exelon’s Braidwood Generation Station withdrew 50.3 mgd from the Kankakee 
River near Custer Park in Will County for cooling. According to the Illinois Department of 
Transportation Division of Water Resources permit issued on April 29, 1977, Braidwood is 
required to stop withdrawing water when the streamflow falls below 442 cubic feet per second 
(cfs) or when the withdrawal would cause streamflow to fall below 442 cfs. The only public 
water systems that use surface water are Aqua Illinois-Kankakee Division (Kankakee County) 
and the City of Wilmington (Will County), with withdrawals of 12.3 and 0.7 mgd in 2012, 
respectively. The remaining two surface water uses are primarily stormwater and dewatering, 
and those effluents are discharged to nearby farm tiles or on-site storage pits.  
Water demand from within the watershed is not expected to increase dramatically in the 
future. However, water demand from outside of the watershed is expected to increase 
substantially. Large portions of Will and Kendall County are at risk in the Cambrian-Ordovician 
sandstone aquifers, with risk areas expanding substantially by 2060 for the CT scenario. Areas at 
risk will likely see water supply interruptions, increased service costs, and other problems that 
may impact the viability of the water supply. Communities within these areas are currently 
seeking alternate water supplies, anticipating these impacts. Both Joliet and Godley have 
requested withdrawing large amounts of water from the lower reach of the Kankakee River to 
serve primarily the communities lying outside of the watershed. 
One of the primary purposes of the protected minimum flow is to avoid environmental 
damages associated with reductions in low flow amounts and water depth, such as causing or 
worsening fish mortality, exposing mussel beds, and similar impacts. Certain reaches of the 
Kankakee River where the water is shallow during low flows, such as near Wilmington and 
downstream of the Kankakee Dam, are already naturally prone to fish kills during severe 
summer droughts. 
Because the Kankakee River reach between Wilmington and Kankakee-Bradley-
Bourbonnais has a steady to moderately steep gradient, little or no projected impact of a water 
withdrawal to locations upstream of a withdrawal is expected. For a withdrawal near Custer 
Park, the primary zone of concern is the reach of the river from Custer Park downstream to near 
the mouth of the Kankakee River. Within roughly 3 miles of its mouth, the Kankakee River is a 
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part of the reservoir pool created by the Dresden Island dam on the Illinois River, with a different 
set of low-flow concerns. 
Although the viability of most demand withdrawal sites is determined by the availability 
of supply, as primarily addressed in this report, water quality can also be a consideration for 
some uses. For example, withdrawal locations on the Kankakee River downstream of Custer 
Park may take into account the water quality concern with the Braidwood power plant’s effluent 
discharge (or blowdown).   
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Figure 32. Surface water and groundwater withdrawals in the Illinois portion of the Kankakee River 
watershed 
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4.3 Factors Affecting Low Flows 
The Kankakee River has a relatively high amount of baseflow compared with other rivers 
in Illinois, as the sand and gravel deposits in the upper Kankakee River provide stable low flows 
to the river. In contrast, many of the Kankakee River tributaries, particularly those in Illinois, 
could completely dry up during extreme drought conditions. The factors that directly influence 
low flows in the watershed include: (1) drought; (2) long-term climate variability and change; (3) 
effluents; (4) sedimentation; and (5) water withdrawals. Water withdrawals were discussed in the 
previous section.  
4.3.1 Drought 
The Palmer Drought Severity Index (PDSI) is a measurement of dryness based on 
precipitation and temperature (Palmer, 1965). The index is widely used operationally and is 
effective in determining long-term drought. Negative PDSI values indicate dry conditions and 
positive PDSI values are wet conditions. The detailed classification of PDSI values is shown in 
Table 8.   
 
Table 8. PDSI Classifications 
PDSI value Classification 
4.0 or more Extremely wet 
3.0 to 3.99 Very wet 
2.0 to 2.99 Moderately wet 
1.0 to 1.99 Slightly wet 
0.5 to 0.99 Incipient wet spell 
-0.49 to 0.49 Near normal 
-0.99 to -0.5 Incipient dry spell 
-1.99 to -1 Mild drought 
-2.99 to -2 Moderate drought 
-3.99 to -3 Severe drought 
-4.0 or less Extreme drought 
 
The PDSI for Illinois Climate Division 5, which includes Kankakee and Iroquois 
Counties, was used to examine drought conditions in the Kankakee River watershed. The 
monthly PDSI values for the period of 1895 to 2017 are shown in Figure 33. When PDSI values 
are less than or equal to -4.0, the drought is classified as extreme. Eleven extreme droughts have 
occurred since 1895, in 1909, 1915, 1921, 1931, 1934, 1941, 1945, 1954, 1964, 1988, and 2012. 
Only two of the 11 extreme droughts occurred after 1965. The durations of the extreme drought 
conditions and minimum PDSI values are summarized in Table 9. The extreme drought in 1964 
lasted for 13 months, but the lowest PDSI of -7.0 occurred in March 1931.  
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Table 9. Extreme Droughts in Illinois Climate Division 5 During the Period of 1895-2017  
Year Duration 
(months) 
Minimum 
PDSI 
1964 13 -5.7 
1931 10 -7.0 
1915 9 -6.3 
1934 3 -5.9 
1954 3 -4.1 
1988 3 -5.0 
1909 2 -4.3 
1921 2 -4.6 
1941 1 -4.1 
1945 1 -4.1 
2012 1 -4.3 
 
 
 
 
Figure 33. The Palmer Drought Severity Index (PDSI) for Illinois Climate Division 5  
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4.3.2 Long-term Climate Variability 
The magnitude, intensity, and timing of precipitation are the driving forces for 
streamflow; thus, climate variability and change have substantial impacts on hydrologic 
variability and change. The long-term annual precipitation and streamflow for the Kankakee 
River watershed are shown in Figure 34 and Figure 35, respectively. Shown in the figures are the 
long-term mean precipitation and streamflow, including 10-year moving averages, with 
precipitation records from Illinois Climate Division 5. Both annual precipitation and streamflow 
abruptly increased during the 1965-1970 period, which is consistent with published research 
(McCabe and Wolock, 2002, Xu et al., 2013). The mean annual precipitation was about 36.8 
inches for the 1915-2017 period. For years prior to 1965, the annual precipitation was often less 
than the mean annual precipitation, but the annual precipitation after 1970 was often greater than 
the mean annual precipitation. The 10-year moving precipitation average also showed that 
precipitation in this climate division has increased since the 1965-1970 period.  
The hydrologic records are from the USGS gage at the Kankakee River near Wilmington, 
IL (USGS 05527500). An increasing trend is observed for the annual streamflow. For most years 
prior to 1965, the annual streamflow was less than the long-term mean annual streamflow, while 
the annual streamflow after the 1965-1970 period was generally greater than the long-term mean 
annual streamflow. When the entire records are classified for two periods, i.e., 1915-1964 and 
1965-2017, the difference in annual mean streamflow is substantial. The mean annual 
streamflow for the 1915-1964 period was 9.7 inches and increased to 14.5 inches for the 1965-
2017 period.  
To compare differences in climate and hydrology over time, three periods were 
examined: the entire period of record (1915-2017), an extended low precipitation and streamflow 
period (1915-1964), and a protracted period of relatively high precipitation and streamflow 
(1965-2017). For all three periods, the annual evapotranspiration was estimated as the difference 
between the precipitation and streamflow. The results are shown in Table 10. The average 
precipitation in the wet period increased about 9 percent (3.2 inches/year) compared to the dry 
period, and the evapotranspiration decreased by 7 percent (1.7 inches/year) from the dry to the 
wet period. The average streamflow in the wet period was 50 percent (4.8 inches/year) more than 
that for the dry period. This shows that hydrologic variability is greater than climate variability.   
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Figure 34. Annual precipitation for Illinois Climate Division 5 for the period 1895 to 2017 
 
 
 
Figure 35. Annual streamflow for the USGS gage at the Kankakee River near Wilmington, IL (Gage No. 
05527500) for the period 1915 to 2017 
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Table 10. Comparison of Mean Annual Precipitation, Streamflow, and Evapotranspiration for Three 
Selected Periods for the Kankakee River Watershed 
Period 
Mean Annual 
Precipitation 
(inches/year) 
Mean 
Streamflow 
(inches/year) 
Estimated 
Evapotranspiration 
(inches/year) 
1915-2017 36.8 12.2 24.6 
1915-1964 35.2 9.7 25.5 
1965-2017 38.4 14.5 23.8 
 
 
4.3.3 Effluents 
Twenty effluent discharges occur in the Illinois portion of the Kankakee River with an 
average discharge of greater than 0.10 mgd and three with an average discharge between 0.05 
and 0.10 mgd. In addition, the Exelon Generation Station in Dresden Island returns its cooling 
water just below the confluence of the Kankakee River with the Des Plaines River. The locations 
of the effluent discharges are shown in Figure 36.  
The average monthly effluent discharges for major facilities are listed in Table 11. On 
average, the Exelon Generation Station in Dresden Island discharges 451.2 mgd of effluent and 
Exelon Generation Station in Braidwood returns 24.5 mgd. Sixteen of these effluents originate 
from municipal wastewater treatment facilities. Among these, the greatest returns are from the 
Kankakee River Metro Agency, with an average of 15.6 mgd to the Kankakee River. The 
Kankakee River Metro Agency and Wilmington are the only municipal wastewater treatment 
facilities serving communities that use surface water.  
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Table 11. Average Monthly Effluent Discharge for the Major Facilities in the Illinois Portion of the 
Kankakee River Watershed 
Facility Monthly Average 
Effluent (mgd) 
Exelon Dresden Island 451.22 
Exelon Braidwood 24.48 
Kankakee River Metro Agency 15.61 
Vulcan Material 2.11 
Culcan Construction Materials 1.85 
Manteno 1.30 
Momence 1.23 
Watseka 1.19 
Peotone 0.95 
VCNA Prairie Aggregates  0.85 
Beecher 0.80 
Wilmington  0.79 
St Anne 0.60 
Gilman 0.37 
Milford 0.35 
Grant Park 0.22 
Van Brunen Farms 0.16 
Ashkum 0.16 
Hersher 0.15 
Waste Management of Illinois Inc 0.11 
Rankin 0.10 
Aqua Illinois 0.06 
Onarga 0.06 
Cissna Park 0.06 
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Figure 36. Effluents in the Illinois portion of the Kankakee River watershed 
 
4.3.4 Sedimentation in the Kankakee River 
Sedimentation in the Kankakee River does not directly impact the amount of available 
water but indirectly impacts water supply as it reduces the storage capacity of the Six Mile Pool 
at certain locations along the river. Therefore, sediment deposition could impact intake pumping. 
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ISWS, IDNR, and USGS have conducted research on sand and sedimentation in the Kankakee 
River for decades (Bhowmik and Demissie, 2001a, b).   
The Six Mile Pool formed by the Kankakee Dam, which ranges from the dam to the 
confluence of the Kankakee and Iroquois Rivers, lost capacity at an average rate of 0.67 percent 
per year between 1980 and 1999, with a total loss of 13.4 percent of its capacity over this period. 
This is a relatively high-capacity loss compared to other human-made lakes in Illinois. The 
Momence Wetland lost 10.2 percent of its capacity over the same period. The rate of capacity 
loss in the Six Mile Pool for the period 2000-2017 is likely similar to that for the period 1980-
1999 (N. Bhowmik, ISWS, pers. comm.). In addition, sand deposition was spotted recently 
downstream of the Kankakee Dam, indicating that the Six Mile Pool’s capacity to hold 
additional sedimentation may be limited.    
Aqua Illinois-Kankakee has two intakes in the Six Mile Pool, a shore intake and a deep 
intake in the center of the cross-section. Due to the increasing sedimentation and decreasing 
storage capacity, Aqua Illinois-Kankakee increased its deep intake in 2009 by about 6 feet. They 
also use a flashboard on Kankakee Dam during low-flow periods to increase the storage capacity 
above the dam.  
 
4.4 Streamflow Frequency Analysis  
4.4.1 Available Hydrologic Records 
Long-term continuous streamflow gages monitor the water level or streamflow of rivers 
and streams at selected locations and measure streamflow over time, providing valuable data to 
calculate streamflow magnitude, frequency, duration, timing, and rate of change of surface water 
resources (Liu et al., 2018). Table 12 lists the 26 streamflow gages and Figure 37 shows their 
locations. Among these gages, 9 became inactive before 1993 and 4 were decommissioned 
during 2001-2003. Thirteen gages are currently in operation. The periods of record range from 
16 to 112 years with an average of 58 years, and 15 gages have streamflow records of more than 
50 years. The drainage areas of the 26 gages range from 7.1 to 5150 mi2 with an average of about 
700 mi2. The minimum drainage area of the active gages is 203 mi2, which implies that 
streamflow gages in headwaters and creeks with small drainage areas were prone to be 
discontinued in the watershed when resources for streamflow monitoring were limited.   
Seven of the 26 gages are in the Illinois portion and 19 are in the Indiana portion of the 
river. Four gages in Illinois monitor the Kankakee and Iroquois Rivers. The only gage in Illinois 
monitoring a small drainage is at Terry Creek near Custer Park, IL (USGS 05526500), which 
operated between 1949 and 1975. Currently, there are no gages to measure streamflow for 
headwaters in the Illinois portion.  
Selecting a base period that includes wet, average, and dry conditions for regional water 
supply studies with representative streamflow records is important. Short-term streamflow 
records often over- or under-estimate water availability, so long-term streamflow records are 
preferred. For the 26 gages in the watershed, 21 gages started operation around 1949. Therefore, 
the period of 1949 to 2017 was selected as the base period, which covers the dry period of the 
1950s and the wet post-1965 period.        
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Table 12. Selected Continuous Streamflow Gages in the Kankakee River Watershed 
Gage No. Gage Name Drainage Area (sq mi) 
Record 
Start 
Record 
End* 
05515000 Kankakee River Near North Liberty, IN   174 1951 2003 
05515400 Kingsbury Creek Near Laporte, IN       7.08 1970 1986 
05515500 Kankakee River At Davis, IN   542 1925 2017 
05516000 Yellow River Near Bremen, IN   135 1955 1973 
05516500 Yellow River At Plymouth, IN   294 1948 2017 
05517000 Yellow River At Knox, IN   435 1943 2017 
05517500 Kankakee River At Dunns Bridge, IN 1352 1948 2017 
05517530 Kankakee River Near Kouts, IN 1376 1974 2017 
05517890 Cobb Ditch Near Kouts, IN     30.3 1968 2003 
05518000 Kankakee River At Shelby, IN 1779 1923 2017 
05519000 Singleton Ditch At Schneider, IN   123 1948 2001 
05519500 West Creek Near Schneider, IN     54.7 1948 1972 
05520000 Singleton Ditch At Illinoi, IL   220 1944 1977 
05520500 Kankakee River At Momence, IL 2294 1905 2017 
05521000 Iroquois River At Rosebud, IN     35.6 1948 2003 
05522000 Iroquois River Near North Marion, IN   144 1949 1993 
05522500 Iroquois River At Rensselaer, IN   203 1948 2017 
05523000 Bice Ditch Near South Marion, IN     21.8 1949 1993 
05523500 Slough Creek Near Collegeville, IN     83.7 1948 1982 
05524000 Carpenter Creek At Egypt, IN     44.8 1948 1982 
05524500 Iroquois River Near Foresman, IN   449 1949 2017 
05525000 Iroquois River At Iroquois, IL   686 1944 2017 
05525500 Sugar Creek At Milford, IL   446 1948 2017 
05526000 Iroquois River Near Chebanse, IL 2091 1923 2017 
05526500 Terry Creek Near Custer Park, IL     12.1 1949 1975 
05527500 Kankakee River Near Wilmington, IL 5150 1914 2017 
* All gages shown with 2017 as end of record continue to remain active at the time of report publication. 
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Figure 37. Locations of continuous streamflow gages in the Kankakee River watershed 
 
4.4.2 Streamflow Trend Analysis  
Because long-term climate records show increased precipitation (Angel and Markus, 
2019), streamflow is expected to show a similar change. Trend analysis was conducted to 
determine low, medium, and high streamflow trends for the five long-term gages in the Illinois 
portion of the watershed (Kankakee River at Momence, Kankakee River near Wilmington, 
Iroquois River at Iroquois, Iroquois River near Chebanse, and Sugar Creek at Milford). The 
records were separated into two subperiods, pre-1965 and post-1965. The annual mean 
streamflow for gages at the Kankakee River at Momence and near Wilmington and the Iroquois 
River near Chebanse are shown in Figure 38, Figure 39, and Figure 40, respectively. The trend 
analysis demonstrated that annual minimum, mean, and maximum streamflows showed 
statistically significant increasing trends. Because the streamflows shared similar trends, only the 
trends in the annual mean streamflow are discussed here. The mean streamflow increased from 
3691 to 5520 cfs at the Kankakee River near Wilmington, 1798 to 2478 cfs at the Kankakee 
River at Momence, and 1498 to 2063 cfs at the Iroquois River near Chebanse.  
The increase in annual mean streamflow is most likely related to the increased 
precipitation and decreased evapotranspiration in the watershed since 1965 (Table 10). Knapp 
(2005) investigated long-term precipitation records at Peoria, St. Louis, and Ottawa and found 
that conditions were very wet for the period from 1840 to 1870 in the Upper Mississippi River 
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watershed, and precipitation was very similar to that during the post-1970 period. Knapp’s study 
indicated that increased precipitation might result from long-term climate variability instead of 
permanent climate change. No substantial evidence suggests that precipitation will keep 
increasing or will stay at the increased level in the future. As Figures 38-40 illustrate, the 
substantial increases in average streamflow for the Momence, Wilmington, and Chebanse gaging 
records also illustrate that there has been little effective change in average streamflow since 
1965. 
Accordingly, streamflow in the watershed is not expected to keep increasing or stay 
constant at relatively high levels as streamflow is highly related to precipitation in Illinois. The 
extreme droughts in 1931 and 1964 may occur in the future, though it is not possible to predict 
precisely when they will happen. In addition, sound water supply systems need to be resilient to 
historic droughts. Therefore, we conclude that collective long-term conditions covering dry 
periods before 1965 and wet periods after 1965 currently provide the best estimate of near-future 
conditions in the watershed. At the same time, even though analysis of the hydrologic record 
from the past 50 years shows no discernable effects from climate changes, sound water 
management should consider the potential risk that progressive climate change could also impact 
low flows in the future. For this reason, the potential impacts of climate change on river flows 
are addressed later in this report.  
 
 
Figure 38. Annual streamflow for the Kankakee River at Momence, IL 
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Figure 39. Annual streamflow for the Kankakee River near Wilmington, IL 
 
 
Figure 40. Annual streamflow for the Iroquois River near Chebanse, IL 
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Flow duration curves (FDCs), one of the most commonly used graphical tools, provide a 
comprehensive description of streamflow variability at a particular site. The curves graphically 
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2017). FDCs for three gages monitoring relatively large drainage areas are shown in Figure 41 
and FDCs for four gages measuring streamflow of relatively small drainage areas are shown in 
Figure 42. To allow the comparison of streamflow variability across a broad range of drainage 
areas, the FDCs were normalized by drainage area. The streamflow exceedance percentile values 
are shown in Appendix B. 
The Iroquois River near Chebanse has the largest variability among the three large 
drainage areas and the Kankakee River at Momence has the least variability (Figure 41). These 
two gages have very similar drainage areas, 2294 and 2091 mi2, respectively. The streamflow at 
the Kankakee River at Momence ranges from 0.108 to 6.452 cfs per square mile (csm) with a 
median of 0.806 csm. Streamflow at the Iroquois River near Chebanse, on the other hand, ranges 
from 0.005 to 13.135 csm with a median of 0.459 csm. Although the minimum streamflow at the 
Kankakee River at Momence is 20 times of that at the Iroquois River near Chebanse, its 
maximum streamflow is only one-half of that at the Iroquois River near Chebanse. This much 
lower variability of streamflow in the upper Kankakee is due to the coarser-grained soils with 
high permeability and a direct connection of surface water with shallow sand-and-gravel 
aquifers. During low-flow or drought conditions, much of the streamflow in the upper Kankakee 
originates from shallow groundwater, i.e., baseflow.  
The higher variability of streamflow at the Iroquois River near Chebanse is more typical 
of streams throughout central Illinois. The baseflow contribution to streamflow at the Iroquois 
River during low-flow conditions is much less than that in the upper Kankakee River watershed.  
The variability of streamflow in the Kankakee River near Wilmington reflects the 
interaction of the less variable streamflow in the upper Kankakee River watershed and the more 
variable streamflow in the Iroquois River watershed. The Iroquois River contributes more to the 
lower Kankakee River during high flow conditions and the upper Kankakee River contributes 
greater sustained low flows during drought conditions.  
The four small drainage areas show that the area-normalized maximum streamflows in 
these areas are often higher than for the large drainage areas shown in Figure 41, and that 
minimum streamflows are close to or equal to zero cfs. Terry Creek dries out during severe 
drought conditions and the minimum streamflow in Sugar Creek at Milford, IL is less than 1 cfs. 
This shows a substantial impact on streamflow variability, in addition to soil permeability and 
hydraulic connections between surface water and shallow groundwater. Larger drainage areas 
tend to average out extreme high or low streamflows and reduce the streamflow variability.    
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Figure 41. Flow duration curves (FDC) normalized by drainage area for Kankakee River near Wilmington, 
Kankakee River at Momence, and Iroquois River near Chebanse 
 
  
 
Figure 42. Flow duration curves (FDC) normalized by drainage area for Sugar Creek at Milford, Iroquois 
River at Iroquois, Singleton Ditch at Illinoi, and Terry Creek near Custer Park  
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4.5 Impact of Future Water Demands and Climate Variability  
4.5.1 Kankakee River SWAT Hydrologic Model  
The potential impact of future water demands and climate variability was examined using 
a watershed hydrologic model for the Kankakee River watershed. The hydrologic model was 
developed using the Soil and Water Assessment Tool (SWAT), which is a watershed hydrologic 
model used to simulate hydrologic processes and streamflow in large watersheds (Arnold et al., 
1994, Neitsch et al., 2011). SWAT is capable of simulating watershed hydrology responses over 
long-term periods and operates on a daily time-step. The hydrologic processes simulated by 
SWAT include surface runoff, estimated by the SCS Curve Number procedure or by the Green 
Ampt infiltration method. Potential evapotranspiration was estimated by the Penman-Monteith, 
Hargreaves, or Priestley methods. Percolation was simulated by a combination of a layered 
routing technique with a crack flow model. Lateral subsurface flow or interflow was simulated 
by a kinematic storage model, and a linear reservoir approach was used to relate aquifer storage 
to groundwater discharge. A nonlinear groundwater module was incorporated into the SWAT 
model to improve the low-flow simulations. SWAT simulates water withdrawals from various 
sources, such as river reaches, reservoirs, and shallow or deep groundwater aquifers. Water 
transfer between basins can also be simulated. Climate change impacts on watershed responses 
can be simulated through adjustment of climate inputs into the model using downscaled climate 
projections. Because of the aforementioned features of the SWAT model, it was selected to 
develop the hydrologic model for the Kankakee River watershed. 
The SWAT model allows for a prediction of long-term impacts of land management 
practices on water, sediment, and nutrients in agricultural watersheds. The model is also capable 
of simulating the impact of climate variability and change on water quantity and quality. In 
contrast, the Illinois Streamflow Assessment Model (ILSAM) model predicts water demand 
impact on streamflows with the assumption that the watershed physiographic characteristics 
(including future climate) and hydrologic processes remain stationary. ILSAM provides better 
accuracy for estimating streamflows based on restricted assumptions and streamflow 
modifications. Unlike ILSAM, future climate scenarios can be incorporated into the SWAT 
model to assess the relative impact of climate variability and change on watershed hydrology. 
Accounting for all inherent uncertainties associated with climate and hydrologic models, the 
future climate scenario simulation of climate change and its impacts provides valuable insights, 
facilitating better decision making in water supply planning activities.  
The Kankakee River Watershed Model (KRWM) developed in this study accounted for 
variabilities in topography, land use, soils, and existing effluents and water withdrawals. Model 
input data were obtained from various sources, and the major ones include USGS 30 m National 
Elevation Data (NED), NLCD 2011 for land use land cover, and SSURGO for soils. Climate 
data, including precipitation, temperature, relative humidity, solar radiation, and wind speed, 
which are required for watershed simulations, were obtained from the Midwestern Regional 
Climate Center (MRCC) and Illinois Climate Network (ICN) stations. 
The KRWM was set up using the ArcSWAT2012, which is an ArcGIS interface of the 
latest SWAT model (SWAT2012 rev. 664). The Kankakee River watershed was delineated into 
123 subbasins, using a critical source area equal to 2 percent of the total watershed area for 
detailed representation of the stream network in the model. In addition, streamgage locations 
were added as subbasin outlets to extract simulated streamflow values for model calibration 
purposes. To adequately capture the watershed heterogeneity, the subbasins were further 
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partitioned into 994 hydrologic response units (HRUs). HRUs, which are the smallest modeling 
units in SWAT, are patches of land areas with homogeneous land use, soil, and slope categories. 
Figure 43 illustrates the Kankakee River watershed delineation, its elevation ranges, and USGS 
gaging stations used for model calibration. 
   
 
Figure 43. The 123 subbasins in the Kankakee River watershed for the SWAT model  
 
Effluent discharges and historical and future water withdrawals are incorporated into the 
KRWM. Some of the major effluents in the watershed were identified and accounted for as 
average monthly point discharges to their respective reaches. Surface water and groundwater 
withdrawals from the reaches and shallow aquifer, respectively, occur in the watershed for 
irrigation and other purposes. Irrigation was assumed to happen only from May to September, 
and the available yearly data of average irrigation rates from IWIP were incorporated into the 
model simulation. Other withdrawals were applied year-round with higher withdrawals occurring 
in the summer. The 2010 water use was used as a basis for generating future water withdrawals, 
which were similarly modeled depending on their sources, i.e., either surface water or shallow 
groundwater aquifer. 
For calibration and validation of the watershed model, daily streamflow records for 1986-
2016 were obtained from four USGS gaging stations: Kankakee River near Wilmington, 
Kankakee River near Momence, Iroquois River at Chebanse, and Iroquois River at Iroquois. The 
KRWM was calibrated with streamflow data from 1986-2000 and was validated using 2001-
2016 data. To improve base flow simulation, and thereby better estimate low flows using the 
Kankakee River watershed model, nonlinear reservoir aquifer-discharge relationships were 
incorporated, which resulted in a better simulation than the linear reservoir aquifer-discharge 
relationship used in the original SWAT. Comprehensive hydrologic calibration of the KRWM 
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using many-objective optimization algorithms made it possible to develop a robust watershed 
model as it allowed selecting the best-fit model parameters from thousands of simulations. 
Manual calibration using a trial-and-error adjustment of model parameters would have been a 
daunting task that would result in a poorly calibrated model. Three model performance metrics, 
including the Nash-Sutcliffe efficiency (NSE), ratio of root mean square error to standard 
deviation of measured data (RSR), and percent bias (PBIAS), were used for evaluating 
streamflow simulations (Moriasi et al., 2007, Nash and Sutcliffe, 1970). For a satisfactory model 
performance, Moriasi et al. (2007) recommended performance ratings for NSE, RSR, and 
PBIAS, whose values should be ≥ 0.5, ≤ 0.7, and ≤ 25% for monthly simulations, respectively. 
Table 13 shows the performance metrics obtained for model calibration and validation of 
monthly flows. These metrics demonstrate that the model was calibrated at four gaging stations, 
providing good simulation results. Figure 44 illustrates graphical comparisons between observed 
and simulated monthly streamflows at Kankakee River near Wilmington, which is located close 
to the watershed outlet. Simulations of drought years of 1988 and 2012 for the same station are 
provided in Appendix C and show how well the low flows are calibrated. In the same appendix, 
results for the remaining three USGS gages are included and demonstrate good model 
performance as well. 
 
Table 13. Performance Evaluation Metrics for Model Calibration and Validation 
Performance 
Metric 
Kankakee River Iroquois River 
Near Wilmington At Momence Near Chebanse At Iroquois 
Calibration Validation Calibration Validation Calibration Validation Calibration Validation 
PBIAS 3.92% 7.25% -1.83% 13.90% 0.06% 5.08% -2.41% 15.73% 
NSE 0.81 0.77 0.82 0.71 0.79 0.76 0.79 0.67 
RSR 0.44 0.48 0.42 0.54 0.45 0.49 0.46 0.57 
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Figure 44. Calibration and validation of observed and simulated streamflow at Kankakee River near 
Wilmington, IL 
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4.5.2 Simulation Scenarios for Water Supply 
Simulation scenarios were developed using future water demand and climate conditions. 
Future water demand scenarios were based on water demand projections, and the future climate 
conditions were obtained from global climate model results.   
After the completion of the water demand study for the Kankakee WSPR (Meyer et al., 
2019), two substantive withdrawals from the Kankakee River were requested for public water 
supply purposes. The Godley Public Water District submitted an application to request a 
withdrawal of 30 mgd from the Kankakee River near Custer Park to serve Godley, Braceville, 
Coal City, Diamond, Braidwood, Essex, and unincorporated areas in Will and Grundy Counties. 
The Public Water Commission based in Joliet, IL requested 35 mgd from the Kankakee River 
near Custer Park to serve Frankfort, Joliet, Lockport, New Lenox, Rockdale, and Romeoville. 
These two withdrawals will be referred to as the Godley and Joliet withdrawals, respectively. 
These two surface water demands are special due to the several factors:  
1. Requested withdrawal amounts are much larger than withdrawals for current public water 
supplies. Total surface water withdrawal for public water supply in the Illinois portion of 
the Kankakee River watershed is approximately 13 mgd by the Aqua Illinois-Kankakee 
Division and Wilmington. The total proposed withdrawals of Godley and Joliet will be 65 
mgd, which is about five times the current withdrawal for public water supply. 
2. Both Godley and Joliet withdrawals will primarily serve communities located outside the 
Kankakee River watershed, though a small portion of the Godley withdrawal service area 
is in the watershed. Therefore, most of the requested withdrawal water will be transferred 
out of the watershed, and the resulting treated wastewater most likely will not be 
discharged into the Kankakee River watershed. In contrast, the service areas of the Aqua 
Illinois-Kankakee Division and Wilmington are within the Kankakee River watershed 
and the municipal wastewater will be returned to the Kankakee River.  
3. The two proposed withdrawal locations are very close, only about 1 mile apart. 
 
To comprehensively explore the impact of water demand, six water demand scenarios 
were simulated using the KRWM:  
1. Water demand remains constant at 2010 levels, which represents the water demand for a 
normal year and contains complete water demand records.    
2. Water demand predicted by the LRI outcome. 
3. Water demand predicted by the CT outcome. 
4. Water demand forecasted by the MRI outcome plus withdrawals by Godley of 6 mgd 
(reduced from 30 mgd). 
5. Water demand forecasted by the MRI outcome plus withdrawals by Godley of 6 mgd 
(reduced from 30 mgd) and withdrawals by Joliet of 35 mgd.  
6. Water demand forecasted by the MRI outcome plus withdrawals by Godley of 30 mgd 
and withdrawals by Joliet of 35 mgd. 
 
The water demand increases gradually from scenario 2 to scenario 6. In addition, the future 
surface water demand by Godley and Joliet is restricted when the flow at the Wilmington gage is 
Q7,10 or less, and no withdrawals are to be made such that the flow of the river is diminished 
below Q7,10. 
To model the effect of climate variability and change, the 1986-2016 climate records 
were used as the baseline climate condition. The climate scenarios were obtained from the 
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Coupled Model Intercomparison Projection Phase 5 (CMIP5) datasets (Taylor et al., 2012). The 
CMIP5 provides the most recent data for future climate scenarios for the Intergovernmental 
Panel on Climate Change (IPCC) Assessment Report. A set of scenarios, named as pathways or 
representative concentration pathways (RCPs), were established assuming different levels of 
future greenhouse gas emissions. The radiative forcing values in the year 2100 were used to 
indicate the level of future greenhouse emissions, ranging from 2.6 to 8.5 watts per square meter 
(W/m2) (Van Vuuren et al., 2011). RCPs are denoted by the radiative forcing values. For 
example, RCP2.6 is the RCP that leads to radiative forcing levels of 2.6 W/m2 by 2100. To 
assess low, medium, and high greenhouse gas emission impacts, three scenarios were used to 
evaluate climate change impacts in the Kankakee River watershed, i.e., RCP2.6, RCP4.5, and 
RCP8.0. The historic and projected annual global carbon emissions are shown in Figure 45. The 
projected carbon emissions will retreat to a similar level observed during the early 20th century 
for RCP2.6 when the worst droughts occurred in the Kankakee River watershed. The climate 
results of the Rossby Centre Regional Climate model (RCA4), which is widely used for climate 
impact studies, were obtained (Samuelsson et al., 2011). The Climate Model data for 
HYDrologic modeling (CMhyd) is used to bias-correct RCA4 model results to provide input data 
(Rathjens et al., 2016). The historic and simulated monthly total precipitation, maximum 
temperature, and minimum temperature for Kankakee Metro wastewater treatment plant 
(WWTP) are shown in Appendix D to demonstrate the input data for the KRWM model.  
 
Figure 45. Annual historical and plausible future carbon emissions in gigatons of carbon (GtC) per year 
for the three climate scenarios (adopted from Wuebbles et al. (2017)) 
The combination of six water demand scenarios and three climate scenarios generated 18 
simulation scenarios in the Kankakee River SWAT model. The baseline simulation scenario was 
based on water use data for 2010 and the climate condition for the 1986-2016 period. The 
baseline provides a condition in which water demand and climate do not change. The 18 
simulation scenarios are summarized in Table 14.  
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The impact of climate change and future water demand were simulated at Kankakee 
River near Wilmington (USGS 05527500), which is the most downstream USGS gaging station, 
because of the following factors:  
• It is the most downstream gage, close to the river mouth, which represents the 
overall condition of the Kankakee River watershed. 
• It is near the current and future surface water withdrawals.  
• It is currently used to monitor flow conditions to enforce minimum flow 
protection and, most likely, it will also be used to enforce minimum flow 
protection for future surface water users, i.e., Godley and Joliet.   
 
Table 14. Simulation Scenarios Used in the Kankakee River SWAT Model, Defined by the Corresponding 
Water Demand Conditions and Climate Conditions  
Water Demand Climate or Representative Concentration Pathway (RCP) 
 1986-2016 climate RCP2.6 RCP4.5 RCP8.0 
Scenario 1 Baseline 1A 1B 1C 
Scenario 2  2A 2B 2C 
Scenario 3  3A 3B 3C 
Scenario 4  4A 4B 4C 
Scenario 5  5A 5B 5C 
Scenario 6  6A 6B 6C 
 
4.5.3 Impact of Future Water Demand 
Table 15 to Table 17 show the impact of water demand on 7-day minimum streamflow, 
mean annual streamflow, and Q7,10 flow, which are critical parameters for water supply planning, 
for scenarios RCP2.6, RCP4.5, and RCP8.0, respectively. 
For scenarios RCP2.6, the 7-day minimum streamflow, Q7,10, and mean annual 
streamflow are very similar. The 7-day minimum streamflow ranged from 159 to 187 cfs, which 
is a marked decrease from the baseline minimum streamflow of 324 cfs. Note that the carbon 
emissions level under RCP2.6 will be traced back to the level of the early 20th century when the 
worst droughts of record occurred in the Kankakee River watershed. As water demand increases 
from scenario 1A to 6A, the 7-day minimum streamflows generally decrease as well. The 7-day 
minimum streamflows for scenarios 1A and 6A were 187 and 159 cfs, respectively. Interestingly, 
the minimum streamflows for scenarios 4A, 5A, and 6A were all 159 cfs, even when their water 
demands were different because the current protected minimum flow applied to the Godley and 
Joliet withdrawals in the model. This factor in the model means that when streamflow is equal to 
or less than the protected minimum flow, water withdrawals by Godley and Joliet were 
terminated. The Q7,10 for the six scenarios decreased 7 percent from the baseline condition. In 
addition, the six scenarios had the same Q7,10 flows, which was not a surprise as the same 
protected minimum streamflow was applied. In contrast, the mean annual streamflows for 
scenarios 1A through 6A increased 9 to 11 percent from the baseline scenario. The mean annual 
streamflows for the six scenarios with varying water demands were very similar, indicating that 
the impact of water demand on mean annual streamflow is minimal.    
For the scenarios under RCP4.5, both the 7-day minimum streamflow and Q7,10 decreased 
from the baseline condition. The 7-day minimum streamflow ranged from 220 cfs to 237 cfs and 
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the Q7,10 ranged from 388 cfs to 407 cfs. The mean annual streamflow instead increased from the 
baseline condition even when the water demand generally was higher than that of the baseline 
condition.  
The scenarios under RCP8.0 showed decreasing 7-day minimum streamflows and 
increasing mean annual streamflows. Q7,10 values for scenarios 1C, 2C, and 3C increased slightly 
from the baseline condition, and those for scenarios 4C, 5C, and 6C decreased slightly from the 
baseline condition.  
As noted in the previous section, the uncertainty coupled with climate and hydrologic 
models limits the literal interpretation of individual climatic and hydrologic conditions. 
However, the comparison among the scenarios indicates that the variability in hydrology in the 
future may increase for various climate scenarios.  
The projected impact of water demand alone is moderately small compared to the total 
flow in the river due to its relatively small magnitude and the protected minimum flow that 
IDNR most likely will require for future water demand during drought conditions. Also, water 
demand in Indiana may impact streamflow in the Kankakee River. However, water demand 
projections for the Indiana portion of the watershed were not determined. As an example, Figure 
46 shows the simulated streamflow for simulation 1A.  
 
Table 15. Impact of Water Demand on 7-day Minimum Streamflow, Mean Annual Streamflow, and Q7,10 
for the USGS Gage at the Illinois River Near Wilmington, IL, for Scenarios of RCP2.6  
 Baseline 1A 2A 3A 4A 5A 6A 
7-day min. flow 324 187 186 175 159 159 159 
Mean ann. flow 5108 5687 5686 5676 5651 5605 5574 
Q7,10   423   395   395   395   395   395   395 
 
 
Table 16. Impact of Water Demand on 7-day Minimum Streamflow, Mean Annual Streamflow, and Q7,10 
for the USGS Gage at the Illinois River Near Wilmington, IL, for Scenarios of RCP4.5 
 Baseline 1B 2B 3B 4B 5B 6B 
7-day min. flow 324 237 247 237 220 220 220 
Mean ann. flow 5108 5517 5527 5517 5492 5446 5415 
Q7,10   423   400   407   400   388   388   388 
 
 
Table 17. Impact of Water Demand on 7-day Minimum Streamflow, Mean Annual Streamflow, and Q7,10 
for the USGS Gage at the Illinois River Near Wilmington, IL, for Scenarios of RCP8.0 
 Baseline 1C 2C 3C 4C 5C 6C 
7-day min. flow 324 251 261 251 235 235 235 
Mean ann. flow 5108 6052 6062 6052 6027 5981 5950 
Q7,10   423   428   434   428   416   416   416 
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Figure 46. Simulated streamflow at Kankakee River near Wilmington, IL for 2016 to 2100 for simulation 
1A (water demand scenario 1 and climate scenario RCP2.6)  
 
4.5.4 Impact of Climate Change 
The comparisons of 7-day minimum streamflow, Q7,10, and mean annual streamflow for 
the RCP2.6, RCP4.5, and RCP8.0 climate scenarios are shown in Figure 47, Figure 48, and 
Figure 49. All the future climate scenarios decreased the 7-day minimum streamflow value, 
which indicates that low flow will be lower than the baseline condition. This will be a challenge 
for managing sustainable and reliable water supplies. For water demand scenario 1 (the 2010 
water demand level), the 7-day minimum streamflow for RCP2.6 was the lowest and RCP8.0 
was the highest. For the other water demand scenarios, the same pattern was observed. It appears 
that the RCP8.0 (high emission) scenarios have higher minimum streamflows compared to the 
RCP2.6 and RCP4.5 scenarios.  
The Q7,10 values under the RCP2.6 and RCP4.5 scenarios were slightly below the 
baseline Q7,10. However, the Q7,10 values under RCP8.0 were very close to the baseline Q7,10. For 
the same water demand condition, Q7,10 values under RCP8.0 were always greater than those 
under the RCP2.6 and RCP 4.5 climate scenarios. The Q7,10 values under RCP2.6 were slightly 
lower than those under the RCP4.5 climate scenario for water demand conditions 1, 2, and 3, and 
slightly higher than those under the RCP4.5 climate scenario for the other water demand 
conditions. 
In contrast, the mean annual streamflow under all climate scenarios was higher than those 
in the baseline condition. The RCP8.5 climate scenario had the highest mean annual streamflow 
for all water demand conditions, and the RCP2.6 climate scenario had the lowest mean annual 
streamflow for all demand conditions. 
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Figure 47. Comparison of 7-day minimum streamflow for the USGS gage (05527500) at the Illinois River 
near Wilmington, IL among different climate scenarios 
 
 
 
 
Figure 48. Comparison of Q7,10 values for the USGS gage (05527500) at the Illinois River near 
Wilmington, IL among different climate scenarios 
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Figure 49. Comparison of mean annual streamflow for the USGS gage (05527500) at the Illinois River 
near Wilmington, IL among different climate scenarios 
 
4.5.5 Combined Impact  
Table 18 and Table 19 show the changes in Q7,10 and the mean annual streamflow under 
all simulated scenarios. Generally, water demand increases from top to bottom in the tables. The 
Q7,10 values for most simulated scenarios were lower than for the baseline condition. For the 
same climate condition, the differences among different water demand conditions were minimal. 
For the same demand condition, the RCP8.0 climate scenario generated the highest Q7,10 values. 
The mean annual streamflows for all simulated scenarios were greater than for the baseline 
condition. The RCP8.0 scenario generated the highest mean annual streamflows, and the RCP4.5 
scenario generated the lowest mean annual streamflows. In general, the water demand impacts 
were masked by the climate variability and change.   
When surface water is used for water supply purposes, another important factor to 
consider is the duration when the streamflow is under a specified threshold such as a protected 
minimum flow required for withdrawals from the public waters of Illinois. The longest 
continuous duration is critical as it determines how much backup water supply or storage 
capacity is needed when Kankakee River water is not available because of the minimum flow 
protection. The current minimum flow for the Braidwood Power Station is 450 cfs, and the 
updated Q7,10 will be close to 500 cfs for the USGS gage at Wilmington, IL. Therefore, the 
duration for streamflow thresholds of 500, 550, and 600 cfs were explored to identify the 
combined impacts of climate variability and water demand. The results are shown in Table 20. If 
500 cfs is the streamflow threshold, the baseline scenario only has 42 continuous days during 
which the streamflow is below 500 cfs. When climate change and water demand were 
considered, the duration ranged from 138 to 191 days. When higher flow thresholds were 
specified, the duration increased to 203 days for the worst case. However, for a portion of the 
duration, surface water withdrawal may still occur, although at less capacity.    
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The longest continuous duration when streamflow will be below a specified threshold is 
much longer than the baseline condition because: 
1. The proposed water withdrawals by Joliet and Godley will be diverted to different 
watersheds as the wastewater will not be returned to the Kankakee River. Thus, 
all water withdrawals are consumptively used from the perspective of the river.  
2. The currently used minimum flow protection level is lower than all other studied 
thresholds.  
3. Future climate scenarios appear to be more variable than the baseline condition. 
 
From the water quantity perspective, future water demand and climate appear to 
moderately increase the mean annual streamflow and moderately decrease Q7,10. The reduced 
Q7,10 is mainly due to the fact that Joliet and Godley will not return effluent to the Kankakee 
River. From the perspective of drought duration when backup water is needed, future water 
demand and climate appear to significantly increase the number of days for which backup water 
sources will be needed. This is problematic for public water supply systems relying on the river 
water and for water resource management of the river.  
Predicting and monitoring how future climate will evolve and change in important in 
improving the water supply systems’ resilience. For the Kankakee River watershed, the more 
pressing issue will be to manage potentially increasing water demands. For potential Kankakee 
River water users, one critical factor will be whether the water use will be consumptive or not, 
i.e., whether the used water will be returned to the Kankakee River. The second critical factor 
will be protected minimum flow values. Higher protected minimum flow provides more instream 
flow for aquatic ecosystem water demand but decreases the available water to meet public water 
supply needs and other purposes. The third critical factor will be how many days of backup 
water or storage capacity would be needed and which water or storage sources will serve as a 
backup when severe droughts occur in the future.  
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Table 18. Change of Q7,10 for the USGS Gage (05527500) at the Illinois River Near Wilmington, IL, Under 
Simulated Scenarios with Respect to the Baseline Condition  
Demand Scenario RCP2.6 RCP4.5 RCP8.0 
Scenario 1 -7% -6% 1% 
Scenario 2 -7% -4% 2% 
Scenario 3 -7% -6% 1% 
Scenario 4 -7% -8% -2% 
Scenario 5 -7% -8% -2% 
Scenario 6 -7% -8% -2% 
 
 
Table 19. Change of Mean Annual Flow for the USGS Gage (05527500) at the Illinois River Near 
Wilmington, IL, Under Simulated Scenarios with Respect to the Baseline Condition 
Demand Scenario RCP2.6 RCP4.5 RCP8.0 
Scenario 1 11% 8% 18% 
Scenario 2 11% 8% 19% 
Scenario 3 11% 8% 18% 
Scenario 4 11% 8% 18% 
Scenario 5 10% 7% 17% 
Scenario 6 9% 6% 16% 
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Table 20. Number of Days that Streamflow is Below the Specified Streamflow Threshold for the USGS 
Gage (05527500) at the Illinois River Near Wilmington, IL, Under Different Simulation Scenarios  
Flow Threshold 
(cfs) Baseline 1A 1B 1C 
500       42 188 156 138 
550       53 195 168 154 
600       75 203 177 158 
   2A 2B 2C 
500   189 152 133 
550   196 162 153 
600   203 176 158 
   3A 3B 3C 
500   190 156 138 
550   199 168 154 
600   204 177 158 
   4A 4B 4C 
500   191 158 143 
550   202 176 155 
600   205 181 162 
   5A 5B 5C 
500   191 158 143 
550   205 178 159 
600   207 191 175 
   6A 6B 6C 
500   191 158 143 
550   201 180 173 
600   209 198 188 
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4.6 Illinois Streamflow Assessment Model (ILSAM) 
The Illinois Streamflow Assessment Model (ILSAM) is a watershed management tool 
providing streamflow magnitude and frequency information to manage water resources in 
Illinois. The ILSAM model is applicable for drainage areas of 10 mi2 or greater. The ISWS 
started developing the ILSAM model in 1985 and has developed ILSAM models for the 
Sangamon, Fox, Kaskaskia, Kankakee, Little Wabash, Rock, and Middle Illinois watersheds 
(Kelly et al., 2016, Knapp, 1988, 1990, 1992, 2012, Knapp et al., 1985a, Knapp and Russell, 
2004, Knapp et al., 1985b, Mills and Knapp, 1991) (Figure 50). Four of the watershed ILSAM 
models were produced without associated ISWS reports. Numerous ISWS reports have 
summarized some functions, structure, and algorithms of ILSAM. 
Streamflow is separated into unaltered flow and flow modifications in ILSAM (Knapp, 
1992). Unaltered flow is the natural flow condition that is primarily influenced by climate, 
topography, hydrogeology, and land cover in the watershed. Flow modifications refer to the 
impact on streamflow alteration due to human activities, such as water use, effluent discharges, 
and reservoir operations. Land use change and urbanization modify hydrologic responses as well, 
but the Kankakee River watershed is primarily a rural watershed and thus its land use and 
urbanization impacts are not quantified. Channelization and dredging in the Upper Kankakee 
River watershed changes the hydrologic processes in the watershed. However, hydrologic 
records did not exist before the channelization and dredging, and thus the unaltered flow in the 
Kankakee River watershed refers to the condition that has existed since the 1920s after drainage 
and channelization. 
The Kankakee River watershed ILSAM was originally developed by the ISWS in 1992, 
and streamflow frequency analysis has been updated using the newly available streamflow 
records and water use and effluent discharge records. The gaged sites used for the ILSAM model 
development are shown in Table 12 and Figure 37. The base period of record used is 1949 to 
2017, which contains 20 years of additional streamflow records.  
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Figure 50. Watersheds with completed ILSAM models 
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5 Water Quality 
In addition to the amount of water available, the quality of the water is an important 
consideration in water supply planning. Public drinking water supplies are required to meet 
specific water quality standards set by the U.S. Environmental Protection Agency (USEPA) on a 
national scale and by the Illinois Environmental Protection Agency (IEPA) at the state level. To 
protect human health, USEPA has developed primary drinking water regulations for 88 
contaminants, including inorganic chemicals, organic chemicals, radionuclides, microorganisms, 
disinfectants, and disinfection byproducts (U.S. Environmental Protection Agency, 2018a). 
USEPA has also developed secondary drinking water standards for 15 “nuisance chemicals” 
(U.S. Environmental Protection Agency, 2018b). These are non-mandatory, non-enforced 
standards, established to assist public water systems in managing drinking water for aesthetic 
considerations, such as taste, color, and odor. These chemicals are not considered to present a 
human health risk and include total dissolved solids (TDS), chloride, sulfate, iron, manganese, 
pH, and corrosivity. 
Not all users of water need the quality to be at the level required for drinking water. 
Industries use water for many purposes, including fabricating, processing, washing, diluting, 
cooling, and sanitation, and each purpose may have different water quality requirements. Power 
plants mainly use water for cooling, and their main water quality concern has to do with 
corrosivity. In addition, water quality for industrial users can be a concern on the effluent side. 
Water quality regulations with respect to water discharged to streams and rivers require permits 
under the National Pollutant Discharge Elimination System (NPDES), which was established by 
the Clean Water Act. 
Both groundwater and surface water sources can have water quality issues. Although 
there is some overlap with respect to contaminants, the issues are generally distinct from one 
another. There can also be significant differences within these two categories; for example, water 
quality concerns are often different when comparing shallow to deep aquifers and between rivers 
and surface reservoirs/lakes. Contamination can result from both non-point and point sources. 
Non-point sources are applied over large regions, and thus many individual sources for the 
pollution exist, making it difficult to eliminate or control these sources. Examples include 
fertilizer and road salt runoff. Point sources, on the other hand, can often be identified and can 
include landfills, industrial discharges, leaky underground storage tanks, and pipelines. 
Surface water quality can be quite variable, especially in rivers. A large precipitation 
event or snowmelt can introduce a large volume of water with distinct water quality compared to 
the pre-event river water. As a result, treating surface water can be challenging. There are many 
non-point sources of contamination to surface water in Illinois, the most important being 
suspended sediment and nutrients (nitrogen and phosphorus compounds). Nutrients can enter 
surface water bodies through many pathways, including agricultural activities, streambank 
erosion, and wastewater discharge. Illinois is a major source of nitrogen and phosphorus in the 
Mississippi River Basin, and elevated levels of these nutrients have been linked to hypoxia in the 
Gulf of Mexico. As a result, Illinois has developed a Nutrient Loss Reduction Strategy, which is 
designed to improve water quality by reducing nitrogen and phosphorus levels in lakes, streams, 
and rivers (Illinois Department of Agriculture, 2018).  
Other important contaminants in Illinois surface water include TDS and chloride, which 
are introduced in large amounts in the Chicago region because of road salt runoff. Biotic 
contaminants are also common and can be difficult to treat. These include harmful algal blooms 
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and taste and odor compounds such as geosmin and methyl-isoborneol (MIB). Surface water is 
also likely to contain pathogenic bacteria and viruses. 
Nitrate and chloride can also be important groundwater contaminants, especially in 
shallow aquifers, and generally have the same types of non-point sources (agricultural activities, 
wastewater, road salt). Nitrate is the most widespread groundwater contaminant in Illinois with a 
drinking water limit of 10 milligrams per liter (mg/L) as nitrogen (NO3-N). Chloride is not toxic 
to humans, but there is a secondary (aesthetic) drinking water standard of 250 mg/L; above that 
concentration water begins to have a salty taste.  
Point source pollution can also contaminate shallow aquifers, although the contamination 
is usually confined to a relatively local area. Point sources include industrial discharges, landfill 
leachates, leaky underground storage tanks, and pipelines, and contaminants can include heavy 
metals and organic chemicals. Groundwater is generally protected from pathogenic organisms, 
except in certain vulnerable terrains such as karst regions or shallow sand and gravel aquifers. 
Groundwater also contains naturally occurring contaminants resulting from water-
dissolving minerals in the soils, sediments, and rocks that groundwater passes through. The two 
most important natural groundwater contaminants in Illinois are arsenic, which is sometimes 
elevated in glacial sand and gravel aquifers, and radium, which is restricted to sandstone 
aquifers. Arsenic is the most common naturally occurring groundwater contaminant in Illinois 
and has a drinking water standard of 10 micrograms per liter (µg/L). The drinking water standard 
for total radium is 5 picoCuries per liter (pCi/L). A few other natural contaminants, such as 
fluoride, are elevated in a few localities. In addition, many nuisance chemicals are commonly 
elevated in Illinois’ groundwater, including hardness, iron, manganese, and hydrogen sulfide. 
In assessing a water supply, it is important to understand the quality of the water source 
as well as the specific quality requirements for the water’s use. Although technically almost any 
water source can be treated to improve its water quality, the cost may be prohibitive. As a result, 
some large water sources in Illinois are generally not used for supply because of water quality 
issues, including the Des Plaines River and the Mt. Simon sandstone. 
 
5.1 Water Quality of the Silurian-Devonian Dolomite Aquifer 
5.1.1 Sampling 
Because the Silurian-Devonian dolomite aquifer is the primary source of drinking water 
for most public supplies and most of the domestic supplies in the Kankakee WSPR, we 
undertook a sampling program to get a “snapshot” of the current groundwater quality in that 
aquifer. A total of 39 wells open to the dolomite aquifer were sampled across the region, 27 in 
Kankakee County, 11 in Iroquois County, and 1 in Ford County (Figure 51). Of the sampled 
wells, 35 were private domestic wells, 2 were commercial wells, and 2 were monitoring wells, 
with depths ranging from 78 to 280 feet. Samples were collected in May and June of 2016 by 
trained ISWS personnel using standard procedures. A complete mineral (inorganic) analysis was 
conducted at the ISWS Public Service Laboratory (PSL) in Champaign, IL. Dissolved organic 
carbon (DOC) was also analyzed at the ISWS PSL, but no organic contaminants were analyzed. 
Analysis for the stable isotopes of water (δD and δ18O) was done at Isotech Laboratory in 
Champaign, IL. Approximately half of the wells were sampled for tritium (3H) to determine if 
water had recently recharged the Silurian aquifer. Tritium analyses were done at the ISGS. 
Data from the ISWS Groundwater Quality Database (GWQDB) was used to supplement 
the data collected in this project. The GWQDB contains over 60,000 groundwater quality 
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samples across the entire state, dating back to the 1890s. The GWQDB was queried for sample 
data collected from wells open to the Silurian aquifer in the study region between 2010 and 
2016. A total of 14 additional well samples were identified in this query (Figure 51). 
 
5.1.2 Results 
As would be expected in a dolomite aquifer, most samples were hard, with high levels of 
both calcium and magnesium. Almost all the samples would be classified as at least “moderately 
hard” (greater than 125 mg/L), with approximately 70 percent classified as at least “hard” (> 250 
mg/L), and 31 percent as “very hard” (> 400 mg/L). Most samples also had significant amounts 
of dissolved iron. About 58 percent of the samples had iron levels that were likely to cause 
“some staining” of bathroom and kitchen fixtures (> 0.3 mg/L) and 27 percent had levels likely 
to cause “staining” (> 1.0 mg/L). In contrast, manganese concentrations were generally low, with 
only two samples having concentrations that would likely cause staining (> 0.05 mg/L). 
Groundwater in Illinois is commonly hard and has elevated levels of iron. For domestic well 
owners, these issues are usually redressed using in-home treatment systems, such as softening 
and filtering. 
Nitrate-N (NO3-N) concentrations were low throughout most of the region (Figure 52). 
Concentrations never exceeded the drinking water standard (10 mg/L). In fact, most of the 
samples (41 of 55) had no detectable NO3-N (concentrations less than 0.04 mg/L). Seven 
samples had concentrations greater than what is considered background concentrations, which 
represent an upper limit for a dissolved material that might be expected to occur naturally. 
Concentrations above background are often interpreted as indicating contamination. For shallow 
aquifers in Illinois, background NO3-N concentrations are generally 2-3 mg/L (Panno et al., 
2006b). The seven samples above background were between 2.6 and 8.7 mg/L and were found in 
a band across the north-central part of the region that includes the city of Kankakee (Figure 52). 
The depths of these seven wells were relatively shallow, with the deepest at 155 feet, although 
many other shallow wells had no detectable NO3-N.  
Chloride concentrations were also generally low throughout the region, with the majority 
of samples below its background concentration in shallow aquifers of 15 mg/L (Panno et al., 
2006a) (Figure 53). As with NO3-N, relatively elevated concentrations were in a band across the 
north-central part of the region that includes the city of Kankakee, with the highest concentration 
(114 mg/L) from a well within the city limits. This well may be exhibiting contamination by road 
salt runoff. There were also several wells with relatively elevated concentrations in the very 
southern part of the region. 
Arsenic, a common naturally occurring contaminant in some shallow aquifers in Illinois, 
is not a major concern in the Silurian-Devonian dolomite aquifer. Only two wells had 
concentrations greater than the drinking water limit (10 µg/L), with a maximum of 25.9 µg/L. 
High concentrations of sulfate occurred in certain parts of the region, especially the 
southwest, but also the northeast. Several samples had concentrations greater than 500 mg/L. 
Sulfate is usually a naturally occurring ion and, like chloride, is not toxic but has a secondary 
drinking water standard of 250 mg/L. About 20 percent of the samples had sulfate levels in 
excess of 250 mg/L. Sulfate levels this high can impart a salty taste to water and has the potential 
to produce a laxative effect. 
Although no other parameters were found above their drinking water limits, unusually 
high concentrations were found in a few wells. Two parameters that are often associated with 
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one another, DOC and ammonium, were elevated in a few wells. DOC is a measure of the 
amount of organic matter (usually naturally occurring) in water, and it is not uncommon to have 
DOC concentrations in the 1-3 mg/L range in shallow aquifers in Illinois. Five samples had 
concentrations in excess of 3 mg/L, with a maximum of 5.4 mg/L. Likewise, ammonium is a 
naturally occurring nitrogen compound that often has concentrations of 1-2 mg/L as nitrogen 
(NH4-N). Four samples had NH4-N concentrations in excess of 2 mg/L, with a high of 11.3 
mg/L, which is an abnormally high concentration. This well also had the highest DOC 
concentration. Ammonium is not regulated in drinking water, although it is considered a 
nuisance, as it can be corrosive to copper pipes and fittings and is toxic to fish. 
Tritium is formed in the atmosphere, combines with oxygen to form tritiated water, and 
enters groundwater via infiltration of precipitation. Because of tritium’s short radioactive half-
life (12.4 years), it disappears over time; tritium concentrations in modern rainwater (about 3-5 
tritium units, TU) would be below detection after about 50 years. Thus, its presence indicates a 
component of relatively young water in the aquifer. Tritium was detected in 19 of 20 samples, 
signifying a component of recent recharge into the Silurian-Devonian aquifer. Concentrations 
were highest in the north-central part of the region, within Kankakee’s city limits, and just east of 
the city (Figure 54). The two wells with the highest NO3-N concentrations also had high tritium 
levels, and a positive correlation occurred between chloride and tritium. These results indicate 
the vulnerability of the Silurian-Devonian aquifer in the Kankakee WSPR to surface 
contamination. 
In summary, the groundwater quality in the Silurian dolomite aquifer in the region was 
generally good. Although a few wells had elevated levels of the human-derived contaminants 
nitrate and chloride, concentrations were below their respective drinking water standards. Other 
regulated contaminants were rare, with only two wells having arsenic levels above its standard. 
Many nuisance contaminants were found in large parts of the aquifer, including hardness, iron, 
sulfate, and ammonium. The effects of these contaminants can usually be ameliorated using 
standard treatment technologies. The presence of tritium in most of the region indicates the 
relatively rapid movement of water from land surface into the Silurian dolomite aquifer, 
especially in the northern half of the region, and that aquifer protection activities should be a 
priority in these areas. 
  
 92 
 
Figure 51. Silurian-Devonian dolomite wells sampled in this study and from the GWQDB 
 
 
 
Figure 52. Nitrate-N concentrations in Silurian-Devonian dolomite wells 
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Figure 53. Chloride concentrations in Silurian-Devonian dolomite wells 
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Figure 54. Tritium concentrations in Silurian-Devonian dolomite wells 
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6 Summary and Recommendations 
6.1 Summary 
6.1.1 Water Demands 
In 2010 the reported demand for Kankakee, Ford, and Iroquois Counties was 39 mgd, 
with public water system demand accounting for 18 mgd of the total. From 2010 to 2060, the 
total demand increases to 43 mgd under the LRI scenario, 56 mgd under the CT scenario, and 66 
mgd under the MRI scenario. Most of the increase in total demand under all scenarios, but 
particularly in the CT and MRI scenarios, is accounted for by increases in self-supplied ILE 
demand, i.e., cropland irrigation. 
The water demand for thermoelectric power generation in the three-county planning 
region is presently zero, but the addition of one or more power plants in the region could change 
demand significantly. Future demand for thermoelectric power generation will depend strongly 
on cooling system design and gross generation capacity to operate power plants in the region. A 
scenario of maximum demand assumes that a 1200 MW power plant begins operation in 
Kankakee County in 2020. 
6.1.2 Shallow Groundwater 
Although shallow groundwater is used throughout the Kankakee watershed in Illinois, the 
specific source varies by location. In the northern portion of the watershed, the Silurian-
Devonian dolomite is the primary source of water. In the southern portion, the sand and gravel 
Mahomet Aquifer is more readily used. Both the dolomite and Mahomet Aquifers are overlain 
by clay over most of the watershed, limiting leakage from shallower sources. 
The most sensitive areas for increased demands appear to be southeastern Kankakee and 
northeastern Iroquois Counties, where demands for irrigation water are highest due to the sandy 
soils. These demands are met from the dolomite aquifers and have been shown to result in 
dewatering of the dolomite during the irrigation season (Cravens et al., 1990). The only currently 
active, continuously monitored well in the region, D4, exhibits a clear downward trend from 
1982 to 2018, although other wells measured during the synoptic measurement of 2016 did not 
vary considerably from measurements taken in 1987. As a result, the decline in D4 is most likely 
influenced locally and does not indicate a regional decline.  
Monitoring wells in the Mahomet Aquifer in Iroquois County showed a slowly increasing 
trend until 2010 but a declining trend thereafter. The period of record for these measurements 
stopped in 2012, so this decline could indicate the drought that occurred during this period. 
However, a similar decline was not observed during the drought of 2005. Regardless, the 
declines observed in these hydrographs do not indicate a water supply risk. 
6.1.3 Cambrian-Ordovician Sandstone Aquifer 
The Cambrian-Ordovician sandstone aquifer system presents minimal demands in the 
Kankakee WSPR, largely because of the presence of shallow alternative sources of water, 
particularly the Silurian-Devonian dolomite. However, to the north and northwest of the 
watershed in Will and Kendall Counties, sandstone has been an important source of water for 
decades. Because it is overlain by shale, the long-term withdrawals from the sandstone have 
resulted in at-risk regions, with the current estimate that water supply issues will manifest as 
early as 2030 at the center of the cone of depression (CMT, 2019). Consequently, the city of 
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Joliet is, at the time of this report, actively looking at alternatives, one of which would be the 
Kankakee River. 
Due to expected growth in the region over the coming decades, this additional demand on 
the Kankakee River may exceed a low-flow minimum threshold, and these sandstone users will 
need to rely on a backup supply. As there are questions about the long-term viability of the 
sandstone as a backup, sandstone users in these areas should anticipate the need for more reliable 
backup supplies going forward. All users of the Kankakee River should be aware of this potential 
new demand that could limit available water from the river during low-flow periods. 
6.1.4 Surface Water 
The Kankakee and Iroquois Rivers are the main surface water sources in the Kankakee 
River WSPR. The Kankakee River is a critically important surface water source in Illinois for 
several reasons. It provides stable streamflow during drought conditions as the surface water in 
the Upper Kankakee River, located mostly in Indiana, is highly connected with shallow sand-
and-gravel aquifers, and the streamflow variability is smaller compared with other major rivers 
in the state. Its water quality is relatively stable because much of the streamflow originates from 
shallow groundwater. The watershed is geographically close to the Chicago metropolitan area 
and some water-stressed regions such as Joliet. The watershed also provides high-quality habitat 
for various species and has a relatively high biodiversity among the rivers in Illinois.  
Currently, there are two public water supplies using Kankakee River water, the Aqua 
Illinois-Kankakee Division (serving Kankakee, Bourbonnais, Bradley, Manteno, Grant Park, 
Aroma Park, and Limestone) and the City of Wilmington. Downstream of the water supply 
planning subregion, the Kankakee River also provides cooling water for the Exelon Braidwood 
Generation Station and is the source of cooling water for the Exelon Dresden Station, which 
pumps water at the confluence of the Kankakee and the Des Plaines Rivers. In addition to these 
current uses, the Kankakee River may be an important water source in the future for nearby 
municipalities with increasing populations and decreasing groundwater levels.  
For the two proposed water withdrawals by Joliet and Godley, the main concern is the 
minimum flow restriction and the need for backup water. The primary purpose of the minimum 
flow restriction is to maintain a river’s flow quantity during low-flow periods, either by 
restricting withdrawals during low-flow periods or by ensuring that a comparable amount of 
water be returned to the river near the point of withdrawal. Therefore, returning wastewater to 
the river near the point of withdrawal could reduce or remove the restriction. Hypothetically, 
some of the areas served by the proposed Godley water supply could return wastewater to the 
Kankakee River. Although normally, water from groundwater or stored surface reservoirs could 
be used as backup sources when river withdrawals are restricted, an alternative approach would 
be to use these sources to augment and replace the flow taken from the river by the withdrawal. 
Construction of an off-channel surface reservoir is often viewed as providing a supplemental 
source during a low-flow restriction, but any surface storage located upstream in the watershed, 
for example, such as provided by an abandoned rock quarry, could serve the same purpose. 
Additional flow to the river to balance withdrawal losses could potentially be addressed by any 
combination of wastewater returns, off-channel storage, and groundwater pumping.   
Although the Kankakee River has reliable water for meeting current power generation 
and public water supply needs, the cooling water withdrawals from the river could be limited on 
account of protected minimum flows and water temperature criteria. Therefore, both Dresden 
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and Braidwood plants have a considerable storage capacity in their cooling ponds to buffer the 
impact of the minimum flow restriction. With increasing water demand and potential climate 
change, the frequency and duration of the minimum flow restriction may be increased in the 
future. Both power plants using the Kankakee River for cooling water may rely on storage water 
more frequently.  
Climate variability and change appear to potentially have significant impacts on the 
future water supply capacity of the Kankakee River. Predicting long-term climate precisely is not 
possible, but hydrological variability appears to increase as a result of projected climate change 
scenarios. The need for backup water supply or water storage to protect minimum flow will 
increase due to climate variability and change. Hydrologic modeling using climate change results 
bears great uncertainty, and thus the exact need for backup water supply in the future is not 
predicted. However, it is critically important to understand whether future water demands will be 
consumptively used to determine if the river will be a reliable future water supply source and 
take into consideration that non-consumed water (and/or treated wastewater) may be used to 
mitigate the impact of water withdrawal.    
The erosion and siltation along the Kankakee River are also a concern in the long term. 
Sedimentation reduces the storage capacity of the Six Mile Pool. Though it does not directly 
reduce available water, it impacts water withdrawal capacity to provide the water supply for 
Aqua Illinois-Kankakee.  
Most tributaries of the Kankakee and Iroquois Rivers in Illinois dry up during severe 
droughts, and thus they do not provide a source for a direct withdrawal of water. If these sources 
are needed in the future, impoundment or off-channel storage would be necessary.  
Long-term continuous streamflow gages in the basin provide valuable data for 
hydrological analysis, drought characterization, and water availability analysis. With the 
expected water demand increase on the Kankakee River due to at-risk sandstone aquifers in Will 
and Kendall Counties, the long-term continuous streamflow gages are critical for providing data 
for future water resources management of the watershed. 
6.1.5 Conjunctive Use of Surface Water and Groundwater 
For the Kankakee River watershed, the Kankakee River provides large amounts of water 
for municipal and industrial (primarily power generation) purposes. The Silurian-Devonian 
dolomite is the primary source of water for the northern portion of the watershed and the sandy 
Mahomet Aquifer is more readily used for the southern portion of the watershed.  
Water demand from within the watershed is not expected to increase dramatically in the 
future. However, water demand from communities outside of the watershed is expected to 
increase substantially. Large portions of Will and Kendall Counties are at risk to dewatering of 
the Cambrian-Ordovician sandstone aquifers, with risk areas expanding substantially by 2060 for 
the Current Trend (CT) simulation. If current trends do not change, areas at risk will likely see 
water supply interruptions, increased service costs, and other problems that may impact the 
viability of the water supply. Communities within the areas at risk are currently seeking alternate 
water supplies in anticipation of these impacts. Both Joliet and Godley have requested 
withdrawing a large amount of water from the lower reach of the Kankakee River to serve 
primarily the communities lying outside of the watershed. Communities in portions of Will 
County are expected to grow substantially over the coming decades, along with additional 
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demand from industries along this major industrial corridor, presenting a major demand on the 
Kankakee River. 
The major concern with increasing water demand on the Kankakee River is the minimum 
flow restriction and how to supplement the river water when it is not available during drought 
conditions, especially when the water is diverted out of the watershed as the wastewater may not 
be returned to the river. Other backup supplies are of limited availability in areas of sandstone 
risk, as currently the sandstone aquifers are likely to be the only viable backup option; however, 
there are questions about its viability under increasing demand. Many communities and 
industries using the sandstone aquifers as a primary supply within the risk area already 
predominantly use the Ironton-Galesville Sandstone. Unfortunately, due to the geologic 
complexity of the sandstone aquifers, any long-term recovery that results from ceasing or 
minimizing sandstone demands is likely to be lost almost immediately after emergency use 
begins in the Ironton-Galesville wells. For this reason, the sandstone aquifers may only be 
partially effective as a backup supply in some areas. Off-channel storages and/or abandoned 
storage pits could also be explored to provide additional backup supply.  
As a result, conjunctive water management that accounts for impacts on both river and 
groundwater supplies will be essential moving forward. Water users within the Kankakee River 
watershed should be cognizant of this potential future demand on the river. Available flow on the 
Kankakee River during low-flow periods may be contingent on whether the largest users in Will 
County also tap into it as a water supply, so water planners currently using or anticipating growth 
in use of the Kankakee River water should stay informed on planning decisions outside of the 
region. Sandstone users should remain vigilant about backup supplies and explore options other 
than the sandstone aquifers, as they may not be able to support all emergency demand during a 
low-flow scenario on the Kankakee River. 
 
6.2 Recommendations for Future Work 
6.2.1 Water Demands 
As new water use data are reported to the ISWS, the demand scenarios should be 
evaluated to understand which reflects actual growth. Furthermore, future irrigation demands 
should be reevaluated upon completion of estimates of irrigated withdrawals by IWIP. 
6.2.2 Groundwater 
Shallow Aquifers: A 9-layer statewide geologic model is currently being developed for 
the unconsolidated materials overlying the bedrock, which on completion will depict the 
percentage of coarse-grained materials in each layer, assigned over a 625-foot grid. The same 
approach was used for modeling the shallow aquifers of the Middle Illinois WSPR (Kelly et al. 
2018). Concurrently, estimates of irrigated usage are being developed by IWIP staff based on 
reported withdrawals. Upon completion of these two projects, an updated groundwater flow 
model of the region should be developed to assess the seasonal impacts of irrigation. For the next 
round of water supply planning, this work is planned for the dolomite aquifers in Kankakee and 
Iroquois Counties as well as the Mahomet Aquifer in southern Iroquois County. To facilitate 
calibration of this updated model, it is recommended to add a transducer and telemetry station to 
D-16, which exhibited the largest head fluctuation during the synoptic measurements and has the 
potential for the Silurian-Devonian dolomite to be dewatered during drought conditions.  
 99 
Sandstone Aquifers: Many at-risk sandstone demands that are currently being satisfied 
outside of the Kankakee WSPR may be partially replaced by Kankakee River water. However, 
due to low-flow restrictions on the Kankakee River, the sandstone may have to remain a backup 
supply and the primary source for other communities and industries that do not make the switch. 
As a result, it is recommended to initiate conjunctive water supply planning over the broader 
region to assess the impact of changing water sources on both the local and regional scales.   
6.2.3 Surface Water 
The increasing water demand from the Kankakee River by municipalities outside of the 
watershed requires careful monitoring of available surface water as well as continued monitoring 
of sediment loads in the lower reach of the Kankakee River. To best meet these water demands, 
it is important to explore the impact of various protected minimum flow levels to provide reliable 
water supply to meet both human and aquatic ecosystem needs. For reliable water supply in the 
future, conjunctive use of surface water and groundwater will be of critical importance, and this 
calls for integrated modeling of surface water and groundwater. It is also important to examine 
potential surface water storages in the watershed, which may provide backup storage for future 
water demand.  
Continuation of streamflow data: The long-term streamflow records are critical to 
evaluate water availability and calibrate hydrologic models that can be used to simulate water 
availability under changing water use and climate conditions. The data will be critical to further 
investigate the impacts of various protected minimum flow levels for providing reliable water 
supply for human needs (i.e., public water supply and power generation), as well as meeting 
instream water demand to protect aquatic ecosystems. Continued support for streamgaging 
efforts in this region is recommended. It is critical to maintain the existing long-term continuous 
USGS streamflow gaging stations in the watershed. 
Surface water-groundwater integrated modeling: As conjunctive use of surface water and 
groundwater in the region will be critical for reliable water supply in the future, it is 
recommended to develop an integrated hydrologic model to better understand the surface water-
groundwater interactions.  
Sediment loadings: As indicated previously, sediment indirectly impacts water supply as 
it reduces the storage capacity of the Six Mile Pool at certain locations along the river. It is 
recommended that suspended sediment monitoring be continued in the Kankakee River 
watershed, with possible expansion into the Iroquois River watershed, to determine sediment 
load trends. Evaluating the water quality trends will help determine if conservation measures 
need to be implemented in the watershed.  
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 Appendix A. Updates and Recommendations for Studies of Water Demand 
Projections for Thermoelectric Power Generation  
The demand study that provided data for this report (Meyer et al., 2019) used power generation 
data in 2010 as the baseline condition and thus the data are not current. Limitations in our 
approach include the following:  
• The analysis was based on total power-plant-level water use data and did not distinguish 
generating unit level and cooling system level data separately.
• The analysis did not consider power plant lifespans for scenario development.
• Power generation technology and cooling technology advancements in the next 50 years 
were not taken into account.
• The Energy Information Agency (EIA) databases, especially the EIA-923 and EIA-860 
datasets, were not fully utilized for the study since it did not include water use beyond 
that utilized by generating units or cooling systems.
• The three water demand scenarios are oversimplified and similar because they do not 
consider many socioeconomic and technological factors.
• The regional water supply planning committee had no members from the power 
generation industry when this report was prepared; thus, the concerns of the power 
generation industry in the region could not be fully addressed.
• Thermoelectric power generation accounts for a high percentage of water demand in the 
region. Recent changes in the power generation portfolio within Illinois have NOT been 
accounted for in this report. Recent trends (since 2016) will significantly alter the future 
demand projections listed in this report.
• Regional climate models have improved significantly, especially since 2016. These 
models should be incorporated into future demand projections.
Since the Meyer et al. (2019) study was done, we have become aware of trends and changes 
anticipated for the power generation industry that may affect water demands in the power 
generation sector. These include:  
• Natural gas is the fuel source that is expected to grow the most on an absolute basis.
• Non-hydroelectric renewable energy is expected to grow the most on a percentage basis.
• Generators will be more efficient.
• Cooling technology efficiency is expected to increase, and some power plants may reach 
the goal of zero liquid discharge (ZLD).
• On the other hand, carbon capture, utilization, and storage applications to power plants 
may increase water demands for the power generation sector.
• The 2016 Illinois Future Energy Jobs Act (FEJA) requires that 25 percent of the state’s 
power generation come from “renewable energy resources,” such as solar, wind, and 
biomass, by 2025. An estimated 28 GW of new solar and 13 GW of new wind will be 
developed through FEJA. Because solar and wind energy require almost no water, the 
projected requirements for deployment of these technologies will significantly reduce 
water needs for thermoelectric power generation in the state.
• Much of the nuclear fleet will be 50 years old by the early 2020s. This has been the 
typical lifetime for nuclear plants within the United States. Decisions will need to be
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made as to whether to deploy new plants or replace these nuclear plants, which require 
large volumes of water, with renewable sources that require less water. 
• Many of the coal-fired power plants in Illinois are also reaching the end of their typical
lifetimes and may also need to be replaced. Some newer plants (circa 2010) will have a
longer lifetime and are approaching zero liquid discharge (ZLD).
Recommendations for future work: 
• To better understand cooling and other water demands for power generation, unit-level 
data are needed.
• Generating unit lifespans determine when units will be retired or replaced and thus should 
be considered for long-range projections.
• Long-term trends of power generation, cooling, and environmental abatement 
technologies, as well as fuel prices, federal and state regulations, etc., are critical for 
projecting future power generation. Thus, considering these trends for water demand 
projections for power generations is also critical.
• The EIA databases, such as EIA-923 and EIA-860, and EIA annual energy outlooks 
should be used and cross-checked with locally available data such as IWIP data.
• Input and feedback from the power generation industry to the regional water supply 
planning committee is critical and thus efforts should be made to increase the engagement 
and participation of the industry to water supply planning.
• Climate modeling is useful to understand future climate variations that might impact the 
power generation portfolio, especially the deployment of renewables. Climate models 
could assist in maximizing the performance of renewables, which are expected to become 
more critical in Illinois’ future power generation portfolio.
• FEJA targets in future energy and related water demand projections for the state of 
Illinois should be included.
• The U.S. Department of Energy (U.S. DOE) has initiated many efforts to explore how to 
reuse wastewater within power plants, which would significantly decrease water usage. 
The potential deployment of these technologies within Illinois should be explored.
• The deployment of carbon capture, utilization, and storage (CCUS) needs to be 
considered in the thermoelectric demand projections. Various tax credits at the federal 
level (e.g., 45Q) could lead to deployment of CCUS in Illinois. In addition, carbon
tax/carbon trading would stimulate CCUS and hence impact future water demands for 
thermoelectric generation in the state.
• ZLD and its impact on future water demands for the thermoelectric power generation 
application should be included.
• Efforts within federal R&D programs (e.g., U.S. DOE, U.S. Department of Agriculture, 
U.S. Department of Defense, etc.) should be evaluated on how they could be deployed 
within Illinois and their expected impact on future water demands for energy generation.
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Appendix B. Streamflow Exceedance Values 
Table 21. Streamflow Parameters Estimated at USGS Gages in Kankakee River Basin in Illinois (cfs) 
Flow 
Percentile 
Kankakee R.  
(Wilmington) 
Kankakee R. 
(Momence) 
Iroquois R. 
(Chebanse) 
Sugar 
Creek 
(Milford) 
Iroquois R. 
(Iroquois) 
Singleton 
Ditch  
(Illinoi) 
Terry Creek 
(Custer 
Park) 
Q01 23,800 7,170 13,500 3,920 4,270 1,633 78.6 
Q02 19,700 6,400 11,100 2,820 3,460 1,208 60.5 
Q05 14,200 5,300 7,380 1,730 2,390 696 38.5 
Q10 10,700 4,430 4,900 1,030 1,690 434 26.2 
Q15 8,600 3,800 3,600 698 1,270 330 20.5 
Q25 6,050 2,920 2,140 391 762 225 13.5 
Q40 3,940 2,050 1,160 210 421 154 8.5 
Q50 3,000 1,660 790 140 293 117 6.3 
Q60 2,220 1,330 500 88 199 88 4.3 
Q75 1,370 960 205 33 89 57 2.7 
Q85 1,000 772 114 17 50 42 1.5 
Q90 852 680 86 12 38 35 1.0 
Q95 685 582 56 7.8 26 27 0.5 
Q98 568 488 40 5.4 18 19 0.3 
Q99 508 436 32 4.4 14 16 0.08 
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Appendix C. Kankakee River Watershed Model Calibration and Validation 
Results 
 110 
 
Figure 55. Observed and simulated monthly flows at Kankakee River at Momence 
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Figure 56. Observed and simulated monthly flows at Iroquois River near Chebanse 
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Figure 57. Observed and simulated monthly flows at Iroquois River at Iroquois 
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Figure 58. Monthly flow simulations for droughts of 1988 and 2012 for Kankakee River near Wilmington, 
IL
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Appendix D. Kankakee River Watershed Model Climate Scenarios  
 
 
Figure 59. Monthly precipitation for observed and scenarios RCP2.6 for Kankakee Metro WWTP (1986-2100)  
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Figure 60. Monthly precipitation for observed and scenarios RCP4.5 for Kankakee Metro WWTP (1986-2100) 
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Figure 61. Monthly precipitation for observed and scenarios RCP8.0 for Kankakee Metro WWTP (1986-2100) 
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Figure 62. Monthly maximum temperature for observed and scenarios RCP2.6 for Kankakee Metro WWTP (1986-2100) 
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Figure 63. Monthly maximum temperature for observed and scenarios RCP4.5 for Kankakee Metro WWTP (1986-2100) 
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Figure 64. Monthly maximum temperature for observed and scenarios RCP8.0 for Kankakee Metro WWTP (1986-2100) 
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Figure 65. Monthly minimum temperature for observed and scenarios RCP2.6 for Kankakee Metro WWTP (1986-2100) 
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Figure 66. Monthly minimum temperature for observed and scenarios RCP4.5 for Kankakee Metro WWTP (1986-2100) 
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Figure 67. Monthly minimum temperature for observed and scenarios RCP8.0 for Kankakee Metro WWTP (1986-2100) 
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